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PREFACE 


This book is intended for class IX students. It gathers together the requirements of the 
latest syllabus developed jointly by National Council of Educational Research and Training 
(NCERT) and Central Board of Secondary Education (CBSE). Also, it takes into consideration 
not only the topics but the objectives set by the syllabus as well. The NCERT has already 
brought out its own text covering the syllabus. Why then the present book ? It is an attempt 
to offer a simpler yet exhaustive exposition of the subject ; it is an assurance to equip the 
students ‘with all informations and methods for an excellent performance in their examination. 
This book also meets the requirements of the students appearing for secondary examination 
of Delhi Board of Secondary Education. 

In planning this book, we have adopted the following general principles : 

— Each unit is prefaced with a list of learning objectives. The purpose of these 

objectives is to apprise the students of the scope of the unit. s 

— Experiments have been included to complement a course of practical work. Experi- 
ments will make the learning process easier for students. 

— Answers to the questions given in the NCERT text bave also been included. 

— At the end of each unit, Unit Through Exercises, has been included. It is an integral 
part of the text. Here the subject-matter is presented in a question-answer format 
with the dual purpose of providing the subject-matter to the students ina crisp form, 
and for aiding them in preparing for the examination. 

— At intervals in units 5 and 6, work exercises are included so that students can pause 
and test their understanding. 

— Numerous illustrations and diagrams have been embodied in tl text. These present 
most of the topics in visual terms, 

— At the end of each unit a collection of review questions has teen provided, which 
cover the whole unit and whose aim is not merely to test the reader’s knowledge, 
but also to promote understanding and to stimulate further thought. 

— Explanation of important terms and concepts of the subject at the end of each unit 
reinforces the text. 

— Presentation of the subject matter has been done in a sound, lucid and simple 
manner to help the students of all levels. r ' 

Care has been taken over the layout of each page so as to present the subject vividly, 
fitting figures, graphs and tables to reinforce the text. The review questions at the end of each 
unit vary in style and these may be used in tests, in class room discussions in class and/or 
home work. 

We hope the teachers will encourage the students to cover parts of the syllabus on their 
own from the text book in hand, duly assisted by the various items included in the present 
work such as learning objectives, work exercises, planned experiments, unit through exercises 
anc objective questions. These items are designed to reduce the amount of note-making, 
The time thus saved may be more profitably used for discussions and laboratory work, 

We would whole-heartedly welcome comments and suggestions from students and 
teachers. 

This volume has been widely acclaimed by everyone. We have received letters of 
appreciation from both students and teachers. 


D.P. GOEL 
S.P. MITTAL 


SYLLABUS PRESCRIBED BY CBSE, NEW DELHI 


Class IX 

Time : 14 Hrs 

Marks : 50 

Weightage 
Unit I~ Nature and Composition of Matter (Marks) 
Unit II Substances—their Separation and Purification T 8 
Unit III Structure of Atom and Chemical Bonding A 3 
Unit IV Periodic Classification of Elements E 7 
Unit V Chemical Reactions : How Fast and How Far ae 5 
Unit VI The Non-Metals = 7 
Unit VIL Some Useful Compounds ta 10 
Unit VIII Pollution and its Effects on the Living World. i 5 
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General Objectives : 
1. To enable the students to recognize the role of Chemistry in day-to-day lif 
“to-day life, 


2. Todevelop an understanding of the basic conc i . 
provide a background for learning Chemistry at Benton Seona ie, Tari would 
el. 


3. To promote interest in students for Chemistry and 
as an important subject for industries. 7 enable them to ase Chemistry 
4. To develop in students a familiarity with Chemistry a P 
inter-disciplinary aspects. y as General Science and with its 
5, To develop experimental skills in students necessary fort A 
compounds used in their daily life. F the analysis of simple 


To develop scientific attitude and give training in scientific methods, 


To arouse in the y 
material substances and the changes they 


ase for students who wish to take Chemi 
fit those who are not going to continue hoaina two 
urther, 


OF MATTER 


undergo. 


8. The course provides a b 
stage and it will also bene’ 
1, NATURE AND COMPOSITION 
Es y t Periods ; 10 

The main purpose of this unit is introductory- As such, it provides informatio 
the various types of aggregates of matter (elements, compounds and mixtures, or solid n about 
and gases). This understanding about the nature of matter is built up on ideas amliduis 
molecular composition. The skills of understanding and using the language of Chem atom- 
also built up in this unit, Being the first unit, it is also to some extent recapitul, istry are 
serves as a link between what the students have learnt at middle level and what mesna 

u 


learn in secondary classes. 


Contents 

Classification of matter, Elements, Compounds, Mixture, Atomic and M 
Formula of a compound—how to write it and what does it convey. Chemical BETE Masses, 
~ing, how to balance them (trial and success method only) Avogadro’s Laws. n—Mea. 


oung mind a spirit of scientific enquiry ab 
out the nature of 
of 


(y) 


Mole, gram atomic-mass, gram molecular mass, Relationship between mass and number 
of molecules, volumes and number of molecules of gas at STP. Siates of matter, molecular 
arrangement in the three states of matter, Effect of pressure and temperature on the volume of 
a gas. Gas Equation 

PiVi_— PoVe 
Tye Ds 
Simple numericals on mole concept, gas laws and gas equation involving on stege. 


Suggested Approach 


Teachers may demonstrate the advantages of classification of elements taking examples 
from the everyday life of students. They may encourage students to prepare a cardboard box 
(vol. 22.4 litres) to enable them to grasp this idea of the size of the gram molecular volume. 
Teachers may demonstrate variations in gas volume using air thermometer, hot water and ice. 
They may emphasize that balancing and completion of equation does not mean that such a 
chemical reaction can occur. 


Students may be given clear understanding as to why the equation 2KNOs ~2KNO2+O2 
is not written as KNO3 +KNO2+0. 


2. SUBSTANCES—THEIR SEPARATION AND PURIFICATION 


Periods : 5 
Many of the substances used daily are either mixtures or form mixtures during their 
preparation. This unit is by and large an experimental one. While in Unit 1 the stress was 
on development of a conceotual basis of understanding and interpretation of chemical pheno- 
menon, here in this unit the emphasis is on development of basic experimental skills relevant 
for work in Chemistry. As far as possible, the apparatus and materials used are common and 
of everyday use so that students of all schools may be exposed to this simple type of experi- 
mental work. Ifa new concept (e.g. colloidal solution) has been introduced in this unit (and 
this is quite rare), the approach/treatment is operational (or practical). 


Stress should, therefore, be on learning of skills through actual experimentation by 
students (in groups or individually) rather than on teaching its contents through lectures or 
even lecture-cum-demonstrations. 


Contents 


. _ Mixture and compounds—how to distinguish them, solutions and suspensions, how to 
ioeanity them, Methods of separation of components of a mixture, pure substances how to 
identify them. 


Suggested Approach 


The following mixtures may be got separated either in groups or demonstrations may be 
arranged to show the separation of mixtures. 


Mixiure of Sugar and Sulphur, mixture of charcoal powder and Sul h 
mixture of sand, Sulphur and Sodium chloride, Mixture of Sodium chloride Sud aed 
Ammonium chloride, Mixture of oil and water, Mixture of Alcohol and water, £ 


3. STRUCTURES OF ATOM AND CHEMICAL BONDING 


: Periods : 7 
‘Structure’ is a fundamental concept in the development of an 

; I y framework of {e - 
Ptual) understanding. The behaviour of any sample of matter towards another would ee 
On their respective properties, and the properties are dependent on inherent structure f th 
interacting samples of matter. The concept of structure, in terms of atoms and pen : 
composing matter, was introduced in Unit 1. Herein, it is further elaborated ane me Pe 


(vi) 


ihe ps that ie Pe of building-blocks of all chemical substances (i.e. atoms) has been 


The notion of structure involves the concepts of (a) ‘elements of structure’ (i.e. proton 
neutron, electron in the case of atom) and the (b) organisation or arrangement of elements of 
structure (e.g. electronic configuration) With this basis of understanding in respect of structure 
at atomic level the idea of the structure of molecules has been developed in terms of different 
types of chemical bonding. 


Contents 


i Simple idea about mass and charge of electrons, protons and neutrons. Rutherford’s 
experiment conclusions, Bohr’s concept of an atom, Atomic number and Mass number, 


_ Distribution of electrons in various energy levels of first 29 elements, lsotopes—definition 
and importance, chemical bond—meaning and how it is formed, electrovalent and covalent 
bonds—how they are formed, properties of electrovalent and covalent compounds, 


Suggested Approach 
Teachers may encourage their students to build up the ground state 

of the elements. They can also demonstrate the formation of molecules T id ae 
wooden spheres and sticks or rubber balls and glue. Electrical conductivity a onde a sd 
covalent compounds may also be demonstrated. Special attention needs to be given ¢ D 
development of accurate observational skills in students so that they are able to Ee A 
correctly the melting points of : urea, common salt, sugar, potassium-iodide, and boilin fecon 
of carbon, tetra chloride, alcohol, benzene etc. from the book of constants. popan 


4. PERIODIC CLASSIFICATIONS OF ELEMENTS 
In the earlier unit there was an attempt to bring an order i h pe iodsk "A 
order into i 
different elements by considering them as built up of a iew nindem notes Ee aid 
neutrons and electrons. The structure of atoms was shown to vary from one ADES sake 
next in a very systematic way (increase of one positive charge in the nucleus, and ri aie 
one more electron outside the nucleus). The discussion was, by and large ‘on the ing 
of either individual atoms, or molecules formed by interaction of atoms. Eiere ievel 
In our everyday world we, however, come across and deal wi i z 
their properties and their behaviour towards one another at a ae EN petances; 
has been the age-old method for dealing with this variety of materials and Penone 
problem of classification of elements has been discussed and presented a bit historical 
show an evolutionary trend on the basis of classification used at different times Classific ti E 
based on nuclear charge (i.e. atomic number) of the atom has been shown to be the latest. ‘ad 
most satisfactory. The gulf between the micro-world of atoms/molecules and the ži os 
world of ‘elements/compounds is thus bridged by basing classification at macro-level ean x 
corresponding structures at micro-level (i.e. electronic configuration). pitt’ 


Contents 


Classification, need for classification of elements, early attempts for classificati 
elements—Dobereiner, New-lands, Lother Meyer. Mendeleeve’s Modern periods Wiis 
groups, periods, transition elements. Gradation of properties in groups and periods—electro- 
negative and electropositive character, atomic si.c, density, boiling, and melting points 


Suggested Approach 

To give training in classification students may be provide p 
elements, their physical and chemical properties and they bak. d eq ae i Se of several 
and non-metals. Students may draw diagrams of atomic structure of a riba m into metals 
and asked to arrange these diagrams to show the periodic recurrence of r of elements 
teachers may build a periodic table using modelling clay balls made to the Res Sa ties. The 
atoms. (Use a scale 1A=1 cm). ve size of the 


( vii ) 


5. CHEMICAL REACTIONS—HOW FAST AND HOW FAR 
Periods : 7 


Ours is a world of not only chemical substances (in all their vast variety of elements, 
mixtures and compounds) but also chemical and Physical phenomena. Just as there is a great 
variety in substances around us in terms of Properties and structure (systematised in units II[ 
and IV), there is a variety in their capacity to react with one another. Chemical reactions 


Contents 


Meaning of chemical reaction, types of chemical Teactions, Redox reactions in terms of 
exchange of electrons, Exothermic and Endothermis Reactions, Electrolysis and its applica- 
tions, Rate of chemical reaction—its meaning. factors affecting rates of a reaction, Reversible 
Reactions and Chemical Equilibrium, Physical Equilibrium, Ionic Equilibrium. Tonization of 
water, significance of pH scale. Importance of pH in agriculture and human body. Factors 
affecting Chemical Equilibrium. 


Suggested Approach 


Teachers may explain the effect of concentration on rate of reaction with the help of 
experiments : Magnesium ribbon and hydrochloric acid of different concentrations may be 
tried. The effect of temperature on rate of reaction may be studied with hydrochloric acid at 
different temperatures (when it reacts with a given amount of Zinc (about 05 £) and noting 
the time for disappearance of Zine. ` In order to explain the dynamic character of equilibrium 
an irregularly shaped crystal of Sodium chloride (retaining constant size) in the saturated 
solution of the salt can be shown to students. 


6. THE NON-METALS 
Periods : 10 
This unit deals with a broad category of elements namely, the non-metals, A few 
representative elements have been taken up for study in some details. The traditional aspects 
of a systematic study of Chemistry (preparation, properties, uses etc.) have been covered, 
The experimental and application aspects have been Stressed. It is hoped that a few gases 
will be prepared and studied by the students to give them a taste of chemistry in the 
laboratory. 


Contents 


General characteristics of Non-Metals 
Hydrogen, Oxygen and Sulphur—their occurrence and uses, 
Hydrogen Sulphide and Sulphur Dioxide—their occurrence, Jaboratory preparation. 
properties, and uses. 
_ Sulphuric Acid—Major sulphuric acid plants in India, Manufacture by contact Process 
(principle only) properties, uses and test for sulphuric acid. 
Nitrogen—its occurrence and uses. 
Ammonia—its occurrence, laboratory preparation, Properties, uses and test. 
Nitric Acid—its occurrence, manufacture (principle only), Properties, uses and test, 
Phosphorus—its occurrence and uses. 
alogens—their occurrence in i A 
tests ee and hydrogen chloride. ra hydrochloric acid nor tSS, bta 


chloride. Distinction between chloride, bromide and iodide. Distinctj . 
acid, Nitric acid and Sulphuric acid, neuon'Batweea hydrochloric 


ivii) 


Suggested Appressk 


e y make use of models to explain the formation of O2 and Sg molecules. If 

time Bee ie can prepare allotropic forms of sluphur and observe them through the 

= feng glass. Teachers may demonstrate the properties of nitric acid with the active 

aroia honof students which may include activities such as (i) display of compounds con- 

partic’ Parone and phosphorus, (ii) observing the piece of greased cloth after dipping it into 

thowalution of NH: in water, and (iii) Collecting the names of commonly used smelling salts. 
7. SOME USEFUL COMPOUNDS 


Periods: 4 
ic oxi ile ot T. idic oxides. Interaction of acidic 
me elements form basic oxides while others form aci i raction | d 
nd a5 oxides results in the formation of salts. The underlying theme of this units is to give 
Suden an idea that Chemistry—Its principles, understanding, its knowledge about facts and 
phenomena are integral part of cur life. 


Contents 


Calcium oxide, calcium hydroxide, sodium carborete, copper sulphate, 
powder, plaster of Paris, Sodium Nitrate their preparation (Principle only), 
the properties involved. 


Bleaching 
and uses specifying 


Suggested Approach 


Teachers may ask students to display compounds like calcium oxide, ca 
sodium carbonate, calcium sulphate, bleaching powder, plaster of Paris and 
in transparent coniaiders and list out the uses of these compounds in everyday 
possible, teachers may arrange class visit to water treatment 
ly prepare a report based on their experiences. 


8. POLLUTION AND ITS EFFECTS ON THE LIVING WORLD 


lcium hydroxide, 
sodium nitrate 
life. Wherever 
plant or the lime kiln, subsequent- 


Periods : 3 

intensive application of Chemistry while providing comforts to all of us has eea 

number of problems that affect the quality of life. Pollution of air, water and soil is one of 

the common concern of the modern world. This unit sensitizes the students aboutathe 

hazards of pollution so that they become aware of the need for clean environment for the 
survival of human race, 


Contents 


Pollution —its meaning and effect on gravity of life, air pollution, 


water pollution, soil 
pollution—their causes and methods to check them. P , 


Suggested Approach : 


Teachers may ask the students to prepare a chart listing the common air pollutants of 
the locality. A visit can also be arranged to an area which is overwhelmingly misty where 
students test the acidity of mist with the help of litmus paper or pH paper. Activites like 
debates on the use of fertilizers, insecticides and pesticides on soil fertility can also be organized 
in school 
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UNIT 1 


Nature and Composition of Matter 


John Dalton advanced the atomic theory. 
According tohim atoms are the building blocks 
of all matter. He was the first to state the law of 
multiple proportions. 


John Dalton 
(1766-1844) 


Learning Objectives 
At the completion of this unit, you should be able to : 


SAAAFYNS 


Define matter. 

Classify and give examples of types of matter. 

List the states of matter. 

Define element, compound and mixture. 

Explain the atomic theory with a mental picture, 

Write the correct symbols for many elements. 

Define the law of definite composition. 

Define the law of conservation of matter. 

Write formulae from the given names of compounds. 
Balance chemical equations by different methods. 

Define atomic mass, molecular mass and atomic mass unit. 
Define the term mole. 

Calculate the molar masses of elements and compounds. 
Find the number of moles of a substance when the mass is given. 
Explain the significance of Avogadro’s number. 

Explain the significance of STP. 

Define various gas laws with illustrations. 


Derive a relationship between pressure, volume and temperature, 


A 
Zz 


1-1 INTRODUCTION 


Many questions occur to students as_ they 
begin aAa new course of study. What is it ? 
What is chemistry ?? How can I study it most 
efficiently ? In this spirit, we will write briefly 
about chemistry. 


Chemistry is a science that deals with the 
structure and behaviour of the materials. 
Materials are samples of matter; they include 
metals, plants, animals, rocks, gases, paints, 
plastics, explosives, etc. Regardless of whether 
the matter is natural or synthetic, it is com- 
posed of ultimate particles called atoms and 
molecules. Chemists are interested in the 
varieties of matter and what changes they 
undergo. 


Matter is any material thing that occupies 
space (or volume) and has mass. For example, 
water, a cube of sugar or a shirt has mass and 
volume. The volume and mass of an object 
are related by a property called density. 
Density is defined as weight over volume, 


weight 
volume 
weight= density x volume 


There is a difference between 
an object and the weight of an 
mass is an inherent property, 


density = 


the mass of 
object. The 
while the weight 


BATTERY 


HYDROGEN 


Fig. 1-1. Electrolysis of water forming 
hydrogen and oxygen (elements) 


: 


is a result of the mass and the gravitational 
attraction. The terms ‘mass’ and ‘weight? are 
often used interchangeably since the earth’s 
gravitational attraction is essentially constant. 


1-2 CLASSES OF MATTER 


Mixtures. A substance is recognized by 
its physical and chemical properties. Chemists 
always use physical and chemical properties to 
describe and identify a substance, Substances 
can be classified on the basis of their chemical 
nature. Most of the materials such as air, 
milk, gasoline and steel are mixtures. Mixtures 
contain two or more distinct substances that 
can be physically separate? from each other. 
Mixtures are broadly divided into {wo cate- 
gories : heterogeneous and homogeneous. Hete- 
Togencous mixtures are not uniform through- 
out rather different compouents of the mixture 
occupy distinct regions within the sample. A 
mixture of iron and sulphur ig a heterogeneous 
mixture. The constitutents of this mixture can 
be separated by simple methods. Homogeneous 
mixture has the same composition throughout 
the entire sample. Air, milk, water and alcohol 
are examples of homogeneous mixtures, 


Elements and 


be decomposed into hydrogen and 
passing an electric current thro 
(Fig. 1-1). In this deco 
is broken into two 


Compounds 


Oxygen by 
oni ugh water 
mposition reaction water 
Simpler substances. But 


REACTION 
CHAMBER 
HYDROGEN / Se 
` Tr 
HEAT 
PAGEN A i 
WATER KSD 
HYDROGEN 4 
es OXYGEN 
IGAS) (Gas) -> WATER 


(LIQUID) 
Fig. 1-2, Synthesis Of w 
ater (cı 
hydrogen and Seymour) fom 


J> 


these substances hydrogen and oxyger can 
never be broken apart into simpler substances. 
These substances which cannot be broken 
down into other substances are called eloments. 
Lead, iron, mercury and sulphur are examples 
of elements. Pure substances that can be de- 
composed or synthesized are compounds of 
their constituent elements. Water is a compound 
of hydrogen and oxygen ; table salt is a com- 
pound of sodium and chlorine ; and sugar isa 
compound of carbon, hydrogen and oxygen. 
In Fig. 1-2, water is synthesized from its con- 
stituent elements hydrogen and oxygen. 


So far 106 elements are known. Nine ele- 
ments were known before the time of Christ— 
copper, gold, iron, mercury, silver, tin, lead, 
sulphur and carbon. Over 90 percent of the 
human body is composed mainly of three ele- 
ments, i.e., oxygen, carbon and hydrogen. 
Every element has been assigned a symbol,for 
example, (Cu) for copper, (Fe) for iron, (Na) 
for sodium, (Au) for gold and (Ag) for silver. 


Table 1-1 summarizes the differences bet- 
ween elements, compounds and mixtures. 

Experiment 1-1. To separate compo- 
nents of mixtures of two substances one 
of which is magnetic in nature. Bring a 
magnet near iron filings (Fig 1-3). The magnet 
attracts iron. Now cover iron filings with 
sulphur. Since the two elements on mixing 
together do not undergo any chemical change, 


3 


they will continue to retain their characteristics. 
The magnet dipping into the mixture is abie 
to attract iron particles. Before any reaction 
between iron and sulphur, iron is atirected by 
magnet. But when it combines with sulphur 
it forms a new substance. The new substance 
is not attracted by magnet because it has 
properties different from iron. 


IRON 


MIXTURE 
Fig. 1-3. Separation of a mixture— 
iron and sulphur’ 


1-3 THE ATOMIC THEORY 


To explain various observations and to 
understand chemical reactions, John Dalton 
in the early 1800’s proposed a theory. This 


Table 1-1 Differences between elements, compounds and mixtures 


Elements Compounds Mixtures 
a 
1. Cannot be broken down into 1. Can be broken down into con- 1. Substances in. a mixture 
anything simpler. stituent elements. can be present in any pro- 
portion. ? 
2. Combine to form com- 2. Have properties different from 2. Substances in a mixtur 
pounds. the constitutent elements. retain their indivi iat 
properties. 
3. Composed of only one type 3. Elements are present in a 
of atoms. definite and fixed proportion 


by mass. 


ee oe nee eee Oe ee 


4 


is the atomic theory, which contains the follow- 
ing hypothesis : j A 
ar! Per (or element) is composed of tiny 
fundamental particles called atoms (from the 
Greek ‘atomos’ meaning indivisible). 


imilar (same 
2, Atoms of an element are s i 
mass and size) but differ from atoms of other 
elements. aN ‘ 
3. Atoms enter into combinations with 
other atoms of different elements or same 
element to form compounds. 
4, Atoms are indestructible and cannot be 
created. 


5. Ina given compound the relative num- 
ber and kind of atoms are constant. 


The atomic theory was and is very impor- 
tant, since it provides a mental picture of 
matter (Fig. 1-4). An atom can be pictured 
asa tiny spherical particle. An atom is the 
smallest representative particle of an element. 
Each element has a unique kind of atom, 
and each atom has mass. The -masses of 
atoms of various elements differ from one 
another.. Compounds involve atoms combined 
in difinite ratio. In mixtures, the atoms of 
different elements are present in an uncombined 
state without any definite ratio. 


Dalton’s atomic theory explains several 
simple laws known at the time of its inception. 
The law of conservation of mass is a logical 
consequence of Dalton’s atomic theory. As 
atoms can neither be created nor destroyed in a 
chemical reaction, and since all matter consists 
of atoms, a chemical reation neither creates nor 
destroys mass. 
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Fig. 1-4. Illustration of the atomic theory 


ta) The atoms of a given element are alike 
(c) Compound of elements 


Dalton’s theory also explained the law of 
definite proportions or law of constant com- 
position. Compounds involve definite com- 
bination of atoms, i.e., a given compound will 
always include the same atoms in the same 
relative amounts. For example, water always 


contains two atoms of hydrogen combined with 
every atom of oxygen (Fig. 1-5). 


John Dalton refused to accept the existence 
of elements composed of diatomic molecules, 
though there was solid experimental evidence 
of the existence of diatomic molecules. Table 


1-2 presents the elements that are made up of 
diatomic molecules. 


Table 1-2 Diatomiv inolecules of the elements 


Element Molecule of the 
element 
L 

Hydrogen H, 

Oxygen O: 

Nitrogen N, 

Chlorine cl, 

Bromine Bra 


A molecule can be defined as a collection 
of two or more atoms held 


ns together strong} 
enough to form an individual Particle. Mole. 
cules formed from the same kind of atoms isa 


molecule of an element (Table 1-2). Molecule 
formed from the combination of different kinds 
of atoms is a molecule of a compound. For 
example, a molecule of compound, say 
hydrogen chloride, is formed by the combina- 


tion of one atom of hydrogen and one atom of 
chlorine. 


(c) 


(d) 


(b) Different elements have different atoms 


(d) A mixture composed of atoms of elements 
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(b) AN EXCESS OF OXYGEN MIXED 
WITH HYDROGEN 
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(c) AN TXCESS OF HYDROGEN MIXED 


WITH OXYGEN 


Fig. 1-5. 
1-4 SYMBOLS, FORMULAE AND 
EQUATIONS 
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(a) HYDROGEN AND OXYGEN ATOM IN 


© | 35 
ONE OXYGEN ATOM REMAINS 
UNCHANGED 


OS 
Cc 


ONE HYDROGEN ATOM REMAINS 
UNCHANGED 


® 


Law of definite proportions. 


Today, chemists use a symbolic system 
which is different from the one proposed by 


Dalton assigned | pictorial symbols to Dalton. Each element has a name which in 
ae Edoch, aie and nitrogen as many cases was given to it by its discoverer. 


follows : Sick @ 
HYDROGEN © 
CARBON. e 
NITROGEN. 0) 


The symbol consists of one or two letters taken 
frequently, but not always, from the first two 
letters in the name of the element, Some 
symbols are derived from the Latin name of 
the element. Symbols of some common 
elements are provided in Table 1-3. 


r The symbols find their most important use 
in writing a compound by a formula. The 
formula indicates both nature and relativa 


nwenhae Af =4-— 


Tale 1-3 Elements and their symbols 


Element Symbol 


Boron 

Carbon 

Fluorine 

Hydrogen 

Todine 

Nitrogen 

Oxygen 

Phosphorus 

Sulphur 

Aluminium 

Barium 

Calcium . 

Bromine 

Helium 

Nickel 

Silicon 

Antimony (Stibium) 

Copper (Cuprum) 

Gold (Aurum) 

Tron (Ferrum) 

Lead (Plumbum) 

Mercury (Hydrargyrum) 

Potassium (Kalium) 

Silver (Argentum) 

Sodium (Natrium) 

Tin (Stannum) Sn 
Note : Names in parantheses are Latin names. 


compounds, For example 
consists of 2 atoms of h 


B 
c 
F 
H 
I 
N 
o 
P 
S 
Al 
Ba 
Ca 
Br 
He 
Ni 
Si 
Sb 
Cu 
Au 
Fe 
Pb 
Hg 
K 
Ag 
Na 


ydrogen and one atom 

of oxygen ; Cs H1206 consists of six atoms of 
carbon, 12 atoms of hydrogen and 6 atoms of 
oxygen. Table 1-4 lists the formulae of some 
compounds, 

Table 1-4 Formulae of some compounds 

Water H,O 

Carbon monoxide co 

Carbon dioxide co, 

Sodium hydroxide NaOH 

Sulphuric acid HS0, 

Carbon tetrachloride CCh 

Benzene C.H, 

Methane CH, 

Ammonia 


m Teis no fixed 
Tule. Valency of Positive species js written 
below negative Species and ya 


IONS FORMULA 
© 
K = KiFi OR xe 
LF 5 
Sf TT POT RS Sits 
FLUORIDE 


=a 9°92 OR Mag 
MAGNES M OXIDE 


AloQa 
ALUMINIUM OXIDE 


more than one 
carbonate CO2- 
formulae of compounds like b 
sodium carbon, 


J ’ zinc phosphate are 
written in the same fashion, 


FORMULA 


(Ba) (SOa)a OR Baso, 
“— BARIUM SULPHATE 


== 


R ZN3(PO4)> 
HOSPHATE 


A chemical e i 
i uation r e 
chemical reaction R K PE an actua] 


the help symbols 


ae 


Table 1-5 Valencies of ions in some common compounds 


Compound Formula Constiizent ions Valencies 

Aluminium oxide AlO; Apt 3 
Oo 2 

Calcium carbonate CaCOs Ca? 2 
CO- 2 

Sodium nitrate NaNO, Nat 1 
NOs- 1 

Barium chloride BaCl, Ba*+ 2 
Cle 1 

Potassium hydroxide KOH K+ 1 
OH- i 

Copper phosphate Cun(POs)s Cu" 2 
POS 3 

Zinc nitrate Za(NOs), Zn*+ 2 
NO," 1 

Mercury (I) chloride Hg:Cla H Hg? 1 
4 cr i 

Mercury (II) chloride HgCl, Hg+ 2 
ci- 1 

Iron (II) oxide FeO Fe? 2 
g's 2 

Iron (III) oxide Fe:0; Fet 3 
os 2 


Note: The Roman number in parantheses shows the valency state of the element. 


and formulae of products and reactants. For 
example, aluminium metal is obtained by de- 
composing aluminium oxide into its elements. 
On writing the symbols and formulae of all the 
substances, we get the following chemical 


equation : 
2Al203 -> 4A1+-302 

Equations tell us not oniy what substances 
react together or afe involved but alse what 
amounts of substances are involved. Numbers 
such as 2, 3, 5 or 9 etc. written before symbols 
or formulae signify that equation satisfies the 
law of conservation of mass. When an equation 
indicates that the law of conservation of mass 
is satisfied, the equation is said to be balanced. 

A chemical equation is written as follows : 

(i) Write the correct symbols and formulae 
of the reactants on the left and separate them 
by plus (+) sign. 

(ii) Write the correct symbols and formulae 
of the products on the right and separate them 


by (+) sign. 


(tii) An arrow (—) is written between the 
reactants and the products to indicate the dire- 
ction in which the reaction takes place. This 
gives us a skeleton equation. To get a balanced, 
equation, the number of atoms of various 
elements on both sides are equalised. 

There are two methods of balancing a ‘ 
chemical equation: (a) the hit and trial 
method, and (Ł. the partial equation method. 

(a) The hit and trial method: The 
various steps of\this method are : 

(i) Write the skeleton equation, e.g., 

CHi+0, > COz2+H20 

(ii) Equalise the atoms of the elements 
which occur at the minimum number of places 
(H in the above equation). 

CHa+O2 > CO2+2H20 

(iii) The atoms of the elements which occur 

at the maximum number of places (O in the 


above equation) are balanced last of all. 
CH4+202 > COz+2H20 


This method can be conveniently used for 
simple equations only. 

(b) The partial equation method : 
Equations which are difficult to balance by hit 
and trial method are balanced by the partial 
equation method. For example, i aa 

nCis 

FeClo-+KMn0Oa+ HCl > e E 
is difficult to balance by hit and trial method. 
It is balanced by the partial equation method 
as follows : 

(i) The reaction is supposed to take place 
in two or more steps 

(ii) Write partial equations for the various 
steps, 

KMn0O4+HC! + KCl+MnCh+H,0+-0 

FeClp+HCl+-0 + FeCl3+H,0, 
(iii) Balance the partial equations by hit 
and trial method. 
2KMnO4+6HCl + 2KCl+-2MnCle+3H,0 
+50 ...(1) 
2FeClo+2HCI+0 => 2FeCls+H20 ..-(2) 


(iv) Multiply the partial equations through- 
out with a suitable coefficient to cancel out 
intermediate products which do not appear in 
the final equation. Add the partial equations 
to get the finul balanced equation. 

The product (O) which does not appear in 
the final equation, is cancelled out by multiply- 
ing partial equation (2) by 5 and adding, 


2KMn0,+ 6HCI > Se PAD = 
10FeCly+ 10HCI+-50 > 10FeCl3+.4H20 


See 
2KMnO,4+ 10FeCle+ 16HC] > 2KCIl+2MnCle 
+10FeCls+-8H2O0 
or KMn04+5FeClo+8HCI > KCI+MnClo 
+5FeCis+5H.O 
Equations can be made more informative ; 
(i) by using the following notations for the 
Physical states of reactants and products : 
(s)=solid, (g)=gas or vapour 
(1)=liquid, (aq)=aqueous (water Solution) 
For example, 
2Na(s)+Clo(g) > 2NaC\(s) 
2H2(g)+-Os(g) > 2H,0(/) 
Zn(s)+H2SO4(aq) + ZnSO, (4q)+- Ho(g), 


(ii) by writing trian, le 
The ETT that gle (A) over an arrow, 


Teac- 


ting causes the 


tion to proceed. The catalyst used in the reac- 
tion is written below the arrow, For example, 


A 
2KCI03(s) —+ 2KCI(s)+302(g) 
MnO, x 


do are represented by 
writing +heat and — heat, Tespectively, with 
For example, 


2Zn(s)-+Oo(g) => 2ZnO(s)+694.54kJ or heat 
No(g)+Oo(g) —> 2NO(g)— 180.75 kJ or heat 


(iv) A product Precipitated is indicated by 
the sign (1) or (s). 


(v) A gas evolved is shown by the sign ( +) 
or (g). 


(vi) Reversible reactions are indicated by 
using a double headed arrow (=), 


1-5 ATOMIC MASS 


A The atoms of a particular element are iden- 
tical in mass and their masses differ from the 


Atoms are 


mbine in 


the atomic mass of hydro, 


atom, One- 


atomi, atom of carbon-12 
an isotope of carbon aunir (amu).Carbon.12, 


DON, was assi : 
eanit in 1 961 assigned the atomic 


rbon. 
© mass o; n on-12 


23. 
masses of the atoms, 


Table 1-6 Atomic masses of some selected elements referred to *C=12.000 


Elements Symbol Atomic Number Atomic Mass 
Aluminium Al 13 27°0 
Antimony Sb SI 121-75 
Argon Ar 18 39°95 
Arsenic As 33 749 
Barium Ba 66 137°34 
Berylium Be 4 9'01 
Bismuth Bi 83 209:0 
Boron B 5 10°81 
Bromine Br 35 79 90 
Cadmium Cd 48 112°4 
Caesium Cs 55 132°9 
Calcium Ca 20 401 
Carbon Cc 6 120 
Chlorine cl 17 35:5 
Chromium Cr 24 52:0 
Cobalt Co 27 58°93 
Copper Cu 29 63 55 
Fluorine F 9 190 
Germanium Ge 32 726 
Gold Au 79 197:0 
Helium He 2 40 
Hydrogen H 1 1:008 
Iodine I 53 126-90 
Krypton Kr 36 83°80 
Lead Pb 82 207:2 
Lithium Li 3 6 94 
Magnesium Mg 12 24:3 ` 
Manganese Mn Zo 549 
Mercury Hg 80 200 6 
Neon Ne 10 20:2 
Nickel Ni 28 58°71 
Nitrogen N 7 14.0 
Oxygen oO 8 16.0 
Palladium Pd 46 106 4 
Phosphorus P 15 310 
Platinum Pt 78 195:1 
Potassi m K 19 39'1 
Radium Ra 88 226:0 
Scandium Sc 21 45°0 
Silicon Si 14 28-1 
Silver Ag 47 107:87 
Sodium Na 11 23-0 
Sulphur S 16 32°1 
Tin Sn 50 1187 
Titanium Ti 22 47:90 
Tungsten w 74 183-85 
Uranium U 92 238:0 
Zinc Zn 30 654 

ee eS _ 


1-6 MOLECULAR MASS 


Molecular mass of a substance is the mass 
of one molecule of the substance in atomic 
mass units. Since molecules are composed of 
atoms, it follows that once the relative masses 
of the atoms are known it is possible to 
determine the relative mass of a molecule. 
For example, glucose molecule (C6H1206) has 
6 carbon atoms, 12 hydrogen atoms and 6 
oxygen atoms. Knowing the atomic masses of 
the elements, the molecular mass can be calcu 


tated The molecular mass of glucose is, thus 


6 xX atomic mass of C=6 x 12=72 
12x atomic mass of H=12x 1=12 
6 Xatomic mass of O=6x 16=96 


Total mass=180 
When the molecular mass of a compound is 


expressed in grams, it is referred as the gram 
molecular mass, 


10 


1-7 THE MOLE 


has mass. If we have a sample 
of 3 oa its mass must be the total of 
Masses of the atoms that make it up. Now 
take two samples of the equal mass of two 
different elements. You will find unequal 
number of atoms in the two samples. eee 
more, if we take Not chlorine molecules, 


N oxygen molecules and NTA ammonia 
molecules, the masses of the three samples are, 
Mass of Ch=No), - Mo, 


Mass of O2=No, - mo, 
Mass of NHs=Nypy, - MNH 


are the masses 
where mog Mog and MH, =a 
hlorine, oxygen and ammonia mol s 
ore tively. The mass of each sample is pro- 
Sion J to its molecular mass, This propor- 
porao plies to any collection of N mole- 


tionately ap. We call any collection 
bstance. We ca y F 
SE ozs 10% particles, a mole (moD, This 


articles in a mole, (6'023 x 1023) is 

ie tees number (N). For example, 16g 
of oxygen (element) contains 6'023 x 1028 
roms ; 32g of oxygen (compound) or 18g of 
water contains 6°023x1023 molecules. The 
m mole is also defined as the amount of any 
itane in grams that contains Avogadro’s 


number, 6'023 x 10?3 of particles. 
it is evident that a mole of atoms or 
Pun is present in the atomic or molecular 
m ss expressed in grams. This mass of any 
sabatan that contains a mole of particles is 
called molar mass. 
le or molar mass 
umber of grams per mo r 
of S element (or substance) can be used : 
(a) to find the number of moles of an 
element in a given mass : : 
: ___ Mass (in grams) 
Number of moles = mae 
(b) to find the number of atoms of an 


element in a given mass : 
mass (in grams) x N 


molar mass 
(c) to find the mass of a given number of 
moles of an element : 


mass (in grams) 
=number of moles x molar mass 


Number of atoms=- 


Broadly, a mole isa unit of number (but 
not of size or mass) used for referring to atoms, 
molecules, ions, electrons, etc, The mole is 
equal to 6-023 x 1023 particles, 


1-8 THE STATES OF MATTER 


Matter exists in three states— 
liquid and solid (Fig. 1-6), Matter in tt 
solid state such as ice and steel have definite 
shape and definite volume. A liquid, such as 
water or oil occupies a definite volume but 
no specific shape, Liquids adapt to the shape 
of their containers, A gas has neither a definite 
shape nor volume and will occupy the entire 


Solids have definite shape and volume 
because atoms and molecules are closely packed 
in a systematic way. Each atom and molecule 


has a fixed position in the solid and is not free 
to move, 


Gases have neither a fixed vi 
olume nora 
Ered shape, In gases, molecules are far apart 
rom cach other and are fiee to move due to 
weak intermolecular forces, sample of gas 


fills any container of any size and shape, 


The molecules in liquids are close to vach 
other, This is why liquids have definite 
volume. But molecular arrangement in liquids 
is different from solids (Fig. 1-6). Molecules 
in a liquid are free to move. This is why liquids 
are fluid. We will now discuss the properties 

We will now discuss the Properties of gases 
and the laws that describe quantitatively the 
behaviour of gases. 

1-9 PROPERTIES OF GASES 

When a liquid is heated sufficiently it begins 

to boil and evaporate This process is accom- 
panied by a great change in volume, It has 
been observed experimentally that half a cupful 
of water at one atmospheric pressure and 100°C 
gives water vapour equal to 50-gallon oil 
drum. Since molecules in the gas phase are of 
the same size as they are in the liquid state, it 
follows that the distances between them in the 
gaseous state are much greater than in He 
liquid. All gases mix readily with one anot s j 
to form completely homogeneous solutions. g 
is such a solution. Gases are easy to comp. 


Pressure 
p demons- 
Evangelista Torricelli ( 160R ressure. 
trated by a barometre that gases Ge. by filling a 
A simple barometre can be ma 


il 


GAS 


LIQUID 


XO 


GASEOUS STATE LIQUID STATE SOLID STATE 


Fig. 1-6 The three states of matter 
glass tube open at one end with mercury and 


inverting the tube in a dish filled with mercury 
(Fig. 1-7). When the tube is placed in the dish, 
a small amount of mercury flows out of the 
tube. The rest of the mercury is prevented 
from running out of the tube by the pressure 
that the atmosphere exerts against the surface 
of the mercury in the dish. 


VACUUM 


The height of a column of Mercury support- 
ed by the gas pressure is a Measure of the 
Pressure. The pressure is expressed in millj- 
metres of mercury. One millimetre of mercury 
is called one ‘torr’ in honour of Torricelli 
The normal pressure of the atmosphere at sea 
level supports a mercury column 760 mm high, 
soa pressure of 1 atmosphere (atm) is 760 


ATMOSPHERIC torr. 
| PRESSURE Temperate 
l RAS Gas expands when heated and contracts 


when cooled. The change in volume for any 


given gas sample is proportional to tempera- 

ture. Temperature 1s measured in Celsius. The 

W, lowest point in the Celsius scale is 0°C. Another 

Fig. 1-7 The barometre. Pressure of atmosphere scale which avoids mathematical calculations of 
= pressure of mercury column=h (mm)Hg=760mm Negative temperatures is the Kelvin temperature 


Hg at standard atmospheric pressure and 273 K scale or absolute 


temperature scale, Zero on 
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the Kelvin scale equals —273-15°C, the 


conversion between the two scales is 
Temperature in K=Temperature in °C-+273'15 


Volume 

Metric units of volume include the cubic 
centimetre (cc), millilitre (ml) and litre (1). One 
cubic centimetre is equivalent to one millilitre 
and 1000 ml equals one litre. S.I. unit (System 
Tnternationale—International system of units) 
of volume is cubic metre (m3). Sometimes 
decimetre cube (dm) is also used. One deci- 
metre cube equals 1 litre. 

1 m8=103 dm3=1000 dms 
1 dm?=10-3 m? 
For smaller volumes, centimetre cube (cm) 
is used. 
1 dm8=103 cm8=1000 cm8=1000 cc 

1-10 THE QUANTITATIVE RELATION- 
SHIPS OF VOLUME, TEMPERATURE 
AND PRESSURE 

The four variables are pressure (P), volume 
(V), temperature (T) and the mass of the gas. 
To study the behaviour of gases, two of these 
four variables are kept constant and the 
relationship between the other two is studied. 


1-10-1 BOYLE’S LAW 


Robert Boyle (1627-1691) was an English 
scientist. He investigated the relationship 
between volume and pressure ina given mass 
of gas at constant temperature. Figure 1-8 
illustrates, if the pressure of a gas sample 
increases, the volume wili decrease ; and if the 
pressure decreases, the volume will increase. 


or 


(b) 


(a) 
j x lume 
ig. 1-8 Whenjthe pressure“decreases the vo! 
PERRON (b) When the pressure increases the 
volume decreases 


Robert Boyle experimented with the compressi- 
bility of air using an apparatus shown in 
Fig. 1-9. _ He poured increasing quantities of 
mercury into the open arm of a J-shaped tube 
as shown in Fig. 1-9. After each addition he 


MERCURY 


Nie 
wl 
< 


Fig. 1-9 Illustration of Boyle’s law 
measured (a) the volume of air in the closed 
section of the tube, and (b) the difference 
between the heights of the mercury columns in 
the two arms. Boyle observed that if the pres- 
sure on the enclosed air was doubled, the gas 
would have only one-half the original volume ; 
and if the pressure was trippled, the volume 
dropped to one-third of the original volume. 
Similarly, he found that if the pressure was cut 
down by one half, the air in the tube would 
expand to double in volume. 


A generalization concerning the relation 
between volume and pressure of a gas has 
become known as Boyle’s law. It states that 
the volume of a given mass of any gas at 
constant temperature varies inversely with 
pressure, i.e. 

1 r 
Va po PV=k 
(k is a constant at a constant temperature and 
for a constant amount of gas). 
or P1Vi=PoVo 

Boyle’s law can be readily described graphi- 
cally. Figure 1-10 represents the variation of 
the volume of a given amount ofa gas with 
pressure when the temperature is held constant. 
From the graphs it is clear that as the gas 
pressure increases the volume decreases in such 
a way that the product of P and V remains 
constant, 


— 


VOLUME (1) 


PRESSURE (atm) —> 
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Fig. 1-10 Graphical representation of Boyle's law 


1-10-2 CHARLES’ LAW 


J.A.C. Charles (1746—1833) was a French 
chemist. In 1787, he investigated the expan- 
sion of gases at constant pressure that occurs 
when the temperature is raised. His results 
were never published. In 1802, Joseph L. 
Gay-Lussac, also a French chemist, indepen- 
dently measured the expansion of gases, 
keeping the pressure constant, that occurs 
when the temperature is raised. He noted that 
when the temperature is increased the volume 
increases, and when the temperature is decreas- 
ed the volume decreases. Both Charles and 
Gay-Lussac found that the variation of volume 
with temperature was linear at constant 
pressure. On extending the straight line plot 
between volume and temperature, it is found 
that the line cuts the temperature axis at 


-300 -200 
=273'15°C 


or ok 


—100 


VOLUME (y) 


(0) 


—273°15°C (Fig. 1-11). A similar observation 
was made for different gases. It seems as 
though all gas volumes would become zero at 
— 273 15°C, but in fact gases liquefy or solidify 
long before this temperature is attained. The 
temperature —273:15°C was taken as the zero 
on a new temperature scale called the absolute 
temperature scale or the Kelvin scale. Accord- 
ingly the temperature on the Kelvin scale would 
e, 
Temperature in K=Temperature in °C+273:15 
273-15 K=0°C 


On the Kelvin scale, the plot follows the 
expression, 


V=kT 
(where k is a constant for a given amount of 
gas) 


100 200 


TEMPERATURE (°C) 


Fig. 1-11 A plot between volume and temperature at constant pressure 
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This proportionality has been known as 
Charles’ law. Thus Charles’ law can be 
stated : the volume ofa fixed mass of gas at 
constant pressure is directly proportional to its 
temperature in Kelvin, i.e. 


V æ T or = =k 
Vy, Ve 
or T Ta 
P3 
P2 


Py 


T —> 


Fig. 1-12. Charies’ law—plot of V (ml) vs. T(K) 
at constant pressure P (atm) 


Charles’ law can be readily described 
graphically. Fig. 1-12 represents the variation 
of the volume of a given amount of gas with 
temperature when the pressure is held constant. 
For different pressures different plots „are 
obtained (P1>P2> P3). From the graphs it is 
clear that as the gas temperature incrsases the 
yolume also increases 1n such a way that the 
ratio of V/T remains constant. 

s do not follow this trend closely at 
all er aero A gas which obeys both 
Boyle’s law and Charles’ law is said to behave 


ideally. 
1-10-3 PRESSURE-TEMPERATURE LAW 


2. Guillaume Amontons investigated 
a ete erie pressure and temperature of 
a sample of gas at constant volume. o 
observed that when the temperature oy neren; 
the pressure increases ; and when the te pera 
ture is decreased the pressure decreases. 
relation can be stated as below : 


The pressure of a sample of a gas of fixed 
volume is directly proportional to the tempera- 
ture on Kelvin scale, i.e., 

P 

Pa T of pak 


(k is a constant for a given amount of gas at 
constant volume) 


or 


This pressure-temperature law is illustrated 
in Fig. 1-13, 


PRESSURE OF GAS 
(atm) 


TEMPERATURE (C) 
) 


Fig. 1-13 The relation-between the Pressure and 
the temperature of a gas 


1-10-4 AVOGADRO’S HYPOTHESIS 


Amedeo Avogadro (1776-1856) was an 
Italian scientist. He also believed in the 
earlier hypothesis of equal number of particles 
in equal volumes of gases, but he solved the 
difficulty by approaching the problem in 
another way and enunciated his famous law, 
known as Avogadro’s law as follows : 


Equa! volumes of all gases under similar 
conditions of temperature and Pressure, contain 
equal number of molecules, 


The great importance of Avogadro’s 
hypothesis is that it gives a method of obtain- 
ing tbe relative weights of molecules. The 
weight of a gas sample is the number of mole- 
cules in the sample multiplied by the weight of 
each molecule, i.e., weight=number of mole- 
cules x weight of one molecule, If samples of 
hydrogen and oxygen having the same volume, 
temperature and pressure are weighed, the 
sample weights have the ratio, 


a ee 
ee of oxygen / same V, T, P 
number of molecules of hydrogn 
x weight of one hydrogen molecule 


= number of molecules of oxygen 
x weight of one oxygen molecule 


But since the number of hydrogen molecules is 
the same as the number of oxygen molecules 
by Avogadro’s hypothesis, the number terms 
cancel and we are left with, 


(ee a ) same V,T,P 
weight of oxygen 


1-10-5 IDEAL GAS LAW 


The laws of Boyle and Charles can be com- 
bined to obtain a more general law for the 
behaviour of gases. Let Pi, Vi, Ty and 
Po, V2, Tù be the pressure, volume and tempe- 
rature in states 1 and 2 respectively of any 
definite quantity of a gas. This can be done 
in two steps : 


Step 1: At constant temperature Tı, when 
the pressure P3 is changed to P2, the volume Vy 
changes to Vz. According to Boyles’ law : 


PV =PoVo 


PiVi 


Ka p (1-1) 


or 


Step 2: At constant pressure P2, when the 
temperature 7} is changed to T>, the volume Vz 
changes to V2. According to Charles’ law : 


Va Va 
Ti ipels 
TyV2 
or Ut od (1-2) 
From equations (1-1) and (1-2) 
PV _ TVs 
Ps Be Ta 
Pi\Vi _ PoVo _ 
or a BAe =constant, k 
PV 
In general T =k 


n BV 4 
Thus, for a given amount of gas yF’ 
constant. The numerical value of k depends 
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on the amount of the gas but is independent 
of the nature of gas. For one mole of the gas, 
the constant is referred to as the molar gas 
constant and is denoted by R. 
Therefore, IVR (1-3) 
where R is a universal constant for all gases 


and is known as the gas constant. For n moles, 
equation 1-3 becomes 


PV=nRT 


This is called the ideal gas law. Numerical 
value of R depends on the units used for 
P,T,V andn. If volume is expressed in litres, 
pressure in atmospheres, temperature in Kelvin 
and m as the number of moles, then the unit 
of R will be, 


_ PV __atmlitre 
~ nT mole Kelvin 
=atm litre per degree Kelvin 
per mole 


There are other ways also of expressing the 
unit of R. 


R 


Now the value of R can be calculated from 
the fact that 1 mole of every gas at STP 
occupies a volume of 22.4 litres. 


1-11 STP AND MOLAR VOLUME 


Standard temperature and pressure is 
abbreviated as STP. What volume does 1 mole 
of a gas occupy at STP? This can be easily 
calculated by substituting, 

P=1°00 atm T=273K 

n=1:00 mole 

R=0°0821 litre atm K~1 mol-3 
in the relation V= 2E we get 


v= 1x e X273 
=22°4 litres 
Thus, 1 mole of an ideal gas will occupy a 
volume of 22:4 litres at STP. The value 22:4 
litres per mole is called the molar volume of a 
gas and is valid at STP. Thus 
pa PY _ 1x24 

aT ~~ 1X273 

=0'0821 litre-atmosphere per degree 
Kelvin per mole = 
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In S.I. units 
1 atmosphere=1-01325 x 105 Nm-2 
1 litre=1073 m8= 1dm3 
P=1:01325 x 105 Nm-2 
V=0:0224 m3 
T=273K 
1:01325 x 105 x 00224 
RG oe oF 
=8:314 Nm K-1 mol 
=8:314 JK-4 mol} 
(joules per degree Kelvin per mole) 
Since 1 joule=107 ergs 
and 1 calorie=4°184 joules ; 
Therefore R=8-*14x 107 ergs K-1 mo}-1 


Therefore 


and 


= 1987 calories K-71 mol-1 


SOLVED NUMERICALS 


1-1. What is the molecular 
CHgCO2H ? c 
Solution. The formula can be rewritten as 
H402. The mass of the molecule is the 
maar of the masses of two carbon atoms, four 
hydrogen atoms and two oxygen atoms. 
Molecular mass in amu 


mass of 


=2x12+4x142x16 
=24+-4+432 
=60 amu 
1-2. What is the mass in grams of 0'750 
mol of O2 ? 
Solution. 


ass of O2=2 x 16=32 amu 
es at 1 mol of Og is, therefore, 32 g. 
Mass of 0°750 mol=0°750 x 32 
=240 g 
1-3. How many moles are 
14:0 g of CoH, ? 
Solution. 


f CoHg=2x124+4x1 
Molecular mass of Cz ae Sa ae 


The mass of 1 mol of CH4 is, therefore, 
28:0 g. 
1 


40 ; 
Number of moles= 35977 0°50 


present in 


14. Calculate the’ number of atoms in 
1:0X 10-8 g of aluminium. 


Solution. 
One g atomic mass of aluminium=26-98 g 
I g atomic mass=1 mol 

=6:023 x 1023 atoms 


Therefore, the number of atoms of alumini- 


um in 1'0x 10-3 g 
6:023 x 1023 x 19-3 
= 2698 = 
=2:23 x 1019 


1-5. Convert a pressure of 550 torr into 
atmospheres, 


Solution. | atmosphere=760 torr 


Therefore, 550 torr= 2) —0-704 atm 


1-6. A gas Occupies 225 dm3 volume at 
3:25 atm and 300K. What pressure js needed 
to reduce its volume to 160 dm3 at 300K, 

Solution. Initially P, 3-25 atm 
V1=255 dm3 (litres) 
Finally Po=? V2=160 dms 


Since temperature of the gas Temains cons- 
tant, we can use Boyle’s' law 


Pi\Vi=PeVo, 
Substituting : 3-25 X255=Po x 160 


P, 325x255 
T 


=5'18 atm 


1-7. A gas in a cylinder js heated at a 
constant pressure of 760 mm Hg fı 
643 K. If the gas initiall: moe © 


3°00 dm’, find the final vol 
Solution, Tnitially ; Vi=3-00 dms 


T)=303 K 


Finally : V=? To=643 K 


Since pressure of the gas remains constant, 
we can use Charles’ law, 


aiy Va 
TRETA 
inn? Baa 
Substituting, 303 = Gar 
3x643 
Vo= 
E 203 


=6:37 dm3 (litres) 
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1-8. A gas occupies a volume of 3°60 dm According to the gas law, 
at 298K and 2'49 atm. How many moles of PiVy, PaVo 
gas are in the sample. ara “ay 
Solution. V=3-60 dm3 ; T=298K i Re 
P=249 atm; n=? Substituting : 730x325 Sea 
R=0:0821 litre atm K~1 molt 298 Ta 
Using ideal gas law, On Th= 760 x 315 x 298 - 
PV=nRT “ea ESO S25 
_ PY _ 249x360 =293K 
n=-RT — 0.0821 x 298 1-10. A gas occupies 28°3 litres at S.T.P, 
=0'367. mol How many moles of gas are in this volume ? 
1-9. Consider a 325 litres sample of gas at Solution. 


298 K and 750 mm of Hg. If the volume is 


changed to 315 litres and the pressure to 760 Volume of | mol of gas at STP=22°4 litres 


mm ee Hg, what is the final temperature of the Therefore, number of moles 
gas p 
Solution. P1=750 mm, P2=760 mm = a 
V,=325 litres Ve=315 litres 
T,=298K T=? =126 


KEY TERMS 
l-1 Matter. Anything that occupies space and has weight. 


l-2 Atom. The smallest particles of an element which can take part in a 
chemical reaction. 


1-3 Element. A substance composed of only one type of atoms. 


1-4 Molecule. The smallest particle of an element or a compound which can 
normally exist separately. 


1-5 Atomic Mass. The mass of one atom of the element. 


1-6 Atomic Mass Unit (amu). One twelfth of the mass of one atom of the 
isotope of carbon, carbon-12. 


1-7 Relative Atomic Mass. The number of times an atom of an element 
is heavier than one-twelfth of the mass of a carbon-12 atom. 


1-8 Molecular Mass. The number of times a molecule of the compound is 
heavier than one-twelfth of the mass of a carbon-!2 atom. 


1-9 Mole. Molecular mass expressed in gram is equivalent to 1 mole. A 
mole contains 6'023 x 1023 molecules (Avogadro’s number). 

1-10 Symbol. A brief representation of the name of an element, 

1-11 Formula. A brief representation of the composition of a compound. 

1-12 Chemical equation. Represents a chemical reaction with the help of 
symbols and formulae of the substances involved. 

1-13 Boyle’s law. The volume of a given mass of a gas at constant tempera- 
ture varies inversely with the pressure. 


1-14 Charles’ law. At constant pressure the volume of a given mass of a gas 
is difectly proportional to its absolute temperature. 
1-15 Absolute temperature. Celsius temperature increased by 273-15 
T=273°15+#°C. 
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1-16 Ideal Gas law. PV=nRT 


(P-pressure, V-volume, T-absolute temperature (Kelvin scale), n-number of 


moles of gas, R-gas constant). 
1-17 Gas Constant (R). 


The value of R in different units is as follows : 


R=0'0821 litre atmosphere per degree Kelvin per mole 
R=8:314 NmK-} mol} 

R=8 314 JK! molt 

R=8'314x 107 ergs K-71 mol-1 

R=1°987 calories K~1 mol 


1-18 Standard Temperature and Pressure (STP). 


(T) is 273-15K. 


1-19 Gram Molecular Volume. 
at STP=22°4 litres=22'4 dm, 


Standard temperature 


Standard pressure (P) is 760 torr=1 atm, 
The volume occupied by one mole of a gas 


1-20 Avogadro’s law. Equal volumes of gases contain same number of 
molecules at the same temperature and pressure. 


UNIT THROUGH EXERCISES 


statements of the 


1-1 Choose the true 
following : 
(i) Anything having mass and occupying 
space is called matter. 
(ii) Electrons and photons of light are 
examples of matter. 
(iii) Different elements have atoms that 
differ in mass and size. 
(iv) Co is the element cobalt and CO is the 
compound carbon monoxide. 
(v) The formula of calcium hydroxide is 
CaO He and not Ca(OH)s. 
(vi) CH4+02 > CO2+2H20 is a balanced 
equatiou. 
(vii) Two elements sometimes form more 
than one compound. 
jii erature in °C=Temperature in K 
(viii) Temp weing 
-y) 1 atm=760 mm of mercury =760 torr. 
a i litre=10-3 m3=1 dm? 
STP the volume of 1 mole of 
@) ony gas equals 22400 millilitres. 
Ans. (i), (iii), (iv), (vii), (ix) and (x) 
are true statements. 
1-2 Name the suitable term to which the 
following statements are related. : 
(i) A shorthand representation of an 
element. i 
(di) The fundamental unit of an element. 


(iii) A shorthand representation of a com- 
pound. 


(iv) The fundamental unit of a compound. 
(vy) Avogadro’s number of particles, 


(vi) Substances that cannot 
into simpler substances. 


(vii) Substances that have ies di 
ive properties diffe- 
rent from the constituent element, 


be separated 


(viii) Constituents are present in an 
tion. ae 


(ix) Represents an actual chemical reacti 
€ tion 
with the help of symbols and formulae. 


(x) One-twelfth of the mas 
ae s of one atom 


Ans. (i) Symbol, (ii) Atom, (iii = 
mula, (iv) Molecule, (v) Mek 
(vi) Elements, (vii) Compound, 
(viii) Mixture, (ix) Chemical, 
equation, (x) Atomic mass unit. 


1-3 Mention the scientific 
following statements : laws for the 


(i) At constant pressure, the volume of a 
given mass of a gas is directly propor- 
tional to the absolute temperature. 


(ii) Equal volumes of all 
ne gases under the 
same conditions of temperature and 


pressure contain same number 
presti of mole: 


(iti) At constant temperature, the volume 
of a given mass of a gas is inversely 
proportional to the pressure. 


(iv) The pressure of a sample of a gas of 
fixed volume is directly proportional to 
the absolute temperature 


(v) Matter is neither created nor destroyed 
in a chemical process. 


(vi) When two or more elements combine 
to form a compound, the ratio of the 
masses of the elements is always the 
same. 


Ans, (i) Charles’ law (ii) Avogadro’s law 
(iii) Boyle’s law 
(iv) Pressure-temperature law 
(v) Law of conservat.on of matter 
(vi) Law of definite proportion 
1-4 In the formula 2Fe2(SO4)3, how many 
iron, sulphur, oxygen and sulphate units are 
there ? 
Ans. (a) Iron atoms=2x2=4 
(b) Sulphur atoras=2x3x 1=6 
(c) Oxygen atoms=2 X3 x4=24 
(d) Sulphate ions=2 x3=6 
1-5 Balance the skeleton equation 
CoHa(g)+O2xlg) > COa(g)+He0(!) 
and answer the following questions, 
; moles of oxygen are needed 
G Fa tare 2 moles of CO ? 
(b) How many grams of C2H4 are required 
to produce 2 moles of water ? 
Ans. CgH4(g)-+300(g)—>2COa(g) + 2H20(!) 
(a) 3 moles, (b) 28 g 


1-6 (a) How will you indicate the following 
effects in a chemical equation ? 
(i) Evolution of gas de 
(ii) Formation of a precipitate 
(iii) Reactant is heated to give products 
(iv) Exothermic reaction 
(v) Endothermic reaction 


A 

Ans. (i) t (ii).} Gi) > 
(iv) ‘heat’ with products 
(y) ‘—heat’ with products 


19 


(5) What are the symbols for the following 
physical sates of reactants and pro- 
ducts in chemical equations ? 

(i) Gaseous state 

(ii) Solid state 

(iii) Liquid state 

(iv) Aguccus solution (solution made 

in water) 
Ans. (i) (g), (i) (s), (èii) (I), (iv) (ag). 
Multiple Choice Questions 
1-7 Pick up the suitable choice : 

1. The formula of copper carbonate is 
(CuzCO3, Cu(CO3)2, CuCOs), 

2. HeS is (monoatomic, diatomic, triato- 
mic, tetratomic) molecule. 

3. The formula of nitrate ion is (NO37, 
NO:7, NO327). 

4. Brass, milk and paint are examples of a 
(mixture, compound, element). 


5. At constant pressure nit =k, is 
the mathematical statement of (Boyle’s 
law, Charles’ law, Grahms’ law). 

6. 20 dm'=(40 litres, 20 litres, 10 litres). 

7. 64 grams of Oz=(2 moles, 4 moles, 6 
moles). 

8. 38 cm Hg=(1 atm, 0°5 atm, 2 atm), 

9. —18°C=(291K, 283K, 255K). 

10. Symbol for calcium is (C, Cl, Ca, Cu), 


Ans. |, CuCOs, 2. triatomic, 3. NO3, 
4. mixture, 5. Charles’ law, 6. 20 litres, 


7. 2 moles, 8. 9:5 at iy 
10 Ca. Pri ease 


1-8 Fill in the blanks : 


(a) An element is composed of only one 
type Of sates aoe 


(b) Compounds are substances composed 
of two or more ............ united chemi- 
cally in a definite proportion by mass, 


(OTETA is the smallest particle of a 
substance (element or compound) 
which has properties of that substance 
and can exit freely. 

(d) One-twelfth of the mass of one at 
carbon-12 is known as se 


(e) Equal volumes of different 
ses at th 
same temperature and es contain 
steere - see NUMber of molecules, 


20. 


(f) The actual number of molecules in one 


gram-mole of a gas is known as.......... 


(g) The formula of sodium sulphate is 


(j) Sodium reacts with water to form 
hydrogen and..........., 
Ans. (a) atoms, (b) elements, (c) molecule, 
(d) amu, (e) Same, (f) Avogadro’s 
number, (g) NaeSOu, 
(h) K=273'15+42°C, 


(i) 2a, (j) sodium hydroxide 


C lete the sentences in column A with suitable choice given in column B, 
1-9 Comp 


Column A 


(i) A mixture will be called homo- 
geneous A fon 
ii) The properties of a comp 
@ are Jai different 
(iii) Each element is composed of 
(iv) Molecule formed from the same 
kind of atoms 
f 
At constant volume, pressure o. 
y a given quantity of a gas 
i lecules formed by the union 
02 EA kinds of atoms 
(vii) One mole of a gas is equal to 
jii ation 
uiy AET +CO2+2H20 
ix) Free movement of molecules in 
( gaseous state 


he 
onstant pressure, t 
G N occupied by a definite 


amount of a gas 


Column B 
(i) extremely small particles called atoms. 


(ii) varies directly with the absolute tempe- 
rature. 


(iii) if the composition is same throughout, 


(iv) from the Properties of the constituent 
elements. 


(v) is a molecule of an element. 


(vi) is a molecule of a compound, 


(vii) 22-4 litres at STP. 
(viii) is directly pro 


portional to absolute tem- 
perature. 


(ix) results into homogeneity, 


(x) 2 moles of water are obtai 


ned fi 
mole of methane, ea 


REVIEW QUESTIONS 


1-1 Define the word ‘matter’ and list five 
2 Laue between an element, a 
Š mixture and a compound. a 
1-3 What is symbol? Give examp te 
: ost important elements a a 
e oe the foods we eat are C, 0: 
TER Ca K. Cl, Na, Mg, and Fe. 
a ie names of these elements, 
st h of the following subs- 
1-5 Identify eac Merah 


tances as mixture, 

peed (b) sugar oO Prass 
(a) er (e) iron A 
A r (h) milk k gluo 
e H (k) salt 


1-6 Distinguish between a symbol and a 
l 


ormula, 


1-7 Write the formulae for water, carbon 


dioxide, sulphuric acid, sodium hydr- 
oxide and benzene, 


1-8 Define the ‘molecule’, 
monoatomic molecule 
diatomic molecule ? 


How does a 
differ from a 


1-9 Identify monoa! 
mic and tetra 
the following : 


(a) NaCl (b) Xe (c) CO; (d) NH 
(e) Pa (f) H20 D He 
(i) Cath (0) Ne © O8 @ 


tomic, diatomic, triato- 
tomic molecules from 
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Give statements for the followings : 


(a) law of conservation of energy 

(b) law of constant composition. 

The elements that are needed in our 
diets in very smal! amounts are chrom- 
ium, cobalt, copper, iodine, manganese, 
molybdenum, zinc, fluorine and tin. 
Give the symbols of these elements. 
List four assumptions of Dalton’s 
atomic theory. 


Give the names and molecular for- 
mulae for the elements that occur 
naturally in the form of diatomic 


molecules. 

(a) What is a chemical equation ? 

(b) What is a balanced equation ? 
Balance the following equations : 

(~ C2H4+02 > CO2+H20 

(b) Al+-Ozg -> Al203 

(c) Pat+O2 > P4010 

(d) HeS+SO2 + S+H:0 

(e) BaCle+KeSO4 > BaSO4+KCl 
( f: ) Cu +H2S04> CuSO4+S02+H20 


Give the correct formulae for the com- 
pounds formed by combination of the 
positive and negative ions given in the 
following table : 


OH- CI- CO3- SO4?~ P0,- 


Ag+ 
Ba2+ 
Fe8+ 
Cu2+ 
Nat 
Al3+ 
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1-20 


1-21 


1-22 
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Describe the following terms : 

(a) Atomic mass (b) Molecular mass s` 
(c) Mole (d) Avogadro's number 
Find the molecular mass of, 

(a) N204 (b) HeNOH (c) CzH6O 
(d) FesO3 (e) HəSO4. 

Give the formula of the following com- 
pounds : 

(a) Barium chloride 

(b) Sodium carbonate 

(c) Zinc phosphate 

(d) Ammonium sulphate 

(e) Calcium phosphate 

(f) Silver bromide 

Define the following : 

(a) Piessure (b) Force (c) STP 
(d) Absolute zero (e) Ideal gas 
What is torr ? What is an atmosphere? 


State the relation between these two 
units in the form of a factor. 


Give a statement for each of the follo- 
wing gas laws : 

(a) Boyle’s law 

(b) Charles’ law 

(c) Pressure-temperature law 


For a mole of ideal gas, plot : 

(a) A graph of P vs. T at constant 
volume. 

(b) A graph of PV ys. P at constant 
temperature. 

(c) A graph of PV ys. V at constant 
temperature, 

Lerive mathematical relationship bet- 

ween pressure, volume and temperature 

of a given mass of a gas. 

What is the significance of 22°4 dm3 of 

a gas? 


UNSOLVED NUMERICALS 


How many ammonia molecules are 
present in 0'060 mol of NH; ? 
Ans. 3°6x 1022 


1-2 What is the mass, in grams, of 1:00 x 


1021 water molecules ? 


Ans. 2:99x102g 


1-3 


Ans. (a) 0°188 moles (b) 2.00 moles o 
or 4°00 moles of N (c) 22°5 moles 
8.C.8 R.F, W.B. LIBRARY 
Date lk AQZB Ne 


ees ea Fol 


Determine the number of moles in 
each sample of elements given below : 
(a) 10°5 g iron nails 

(b) 56-0 g sample of nitrogen (Na) 
(c) 720 g sample of sulphur. 


Od Kn fo 
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1-4 How many oxygen atoMs are present 
in ©0150 mol of O2? Ams 18x 1022 
1-5 Calculate the number of atoms ina 
37:9 g sample of aluminium foil. 
Ans. 8°46 x 1023 
1-6 Determine the mass, in grams, of the 
following : 
(a) 2'7 moles of Ag 
(b) 6°54 10-5 moles of Na 
Ans. (a) 291g (b) 150x10-%¢g 


1-7 How many torr are present in 1:25 atm? 
Ans. 950 torr 


1-8 A gassample exerts a pressure of 1026 
torr. What is the pressure in atmo- 
sphere ? Ans. 1:35 atm 


i-9 


1-12 


A gas occupies 25:0 mi at 298K 

745 torr. What volume would it N 

at STP ? Ans. 22:5 mi 

A gas occupies 45°6 ml at 240 to 

291K. What volume will it see 

598 torr and 291K. gs SruRyiat 
Ans. 18:3 ml 


A gas occupies 25°0 ml at 298K 
745 torr. What is its volume at K 
and 745 torr. Ans, 35:5 ml 


A sample of air occupying 4:50 dm3 

328K and 958 torr is ccoled to 258K 
and its pressure is reduced to 720 torr 
What is the new volume of the sample? 


Ans. 4:84 dm? 


UNIT 2 


Substances—Their Separation and Purification 


Robert Brown 
(1773-1858) 


Learning Objectives 


Robert Brown established the concept of the 
_ continuous motion of minute particles suspended 
in fluid. This type cf motion is called ‘Brownian 
motion’ after the name of the scientist. Itis a 
property of both organic and inorganic mauer, 


At the completion of this unit, you should be able to : 
Define mixture and compound, Give examples of each. 


iI 

2. Define true solution, colloidal solution and suspension with examples. 
3. Differentiate between the above three types of solutions. 
4 


Explain Tyndall effect and Brownian movement with illustrations. 


5. Explain the principle and working of different types of methods uscd in separaling 


constituents of a mixture. 


6. Suggest method/methods to separate the constituents of any given mixture 
7. Perform tests to find out the purity of substances. 


2-1 INTRODUCTION 


A pure substance is defined as any kind of 
matter of which all samples have identical 
composition and identical properties. For 
example, all samples of methyl alcohol contain 
exactly the same proportion of carbon, hydro- 
gen and oxygen, regardless of the sources of 
samples All samples have the same melting 
and boiling points. Pure substances may be 


elements or compounds : when elements or 
comrounds are mixed, a mixture is formed. 
The various constituents of a mixture have 
different physical properties. This difference 
in their physical properties is utilized to sepa- 
rate them from a mixture The constituents 
of a mixture can be separated by physical 
methods like sedimentation and decantation 
filtration, evaporation, sublimation, distillation’ 
crystallization, magnet, separating funnel, etc 
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2-2 MIXTURE AND COMPOUND 


Both mixture and compound have been 
introduced in Unit 1. The composition of a 
mixture can be varied widely. A large number 
of mixtures of salt and sugar can be made by 
varying the amounts of these two substances. 
The important characteristics of a mixture are : 
(i) their composition can be varied, and (ii) 
each component of the mixture retains its own 
properties. Air, sea water, ink, gun powder, 
baking powder, smoke, milk, vinegar, honey, 
blood and urine are examples of mixture. A 
compound cannot be separated into its consti- 
tuents by physical methods, Compounds can be 
decomposed into their constituent elements 
(Fig. 1-1). The physical and chemical proper- 
ties of a compound are different from the 
properties of its constituent elements. Now 
we shall discuss various methods employed to 
separate the constituents of a mixture and of 
purifying them. 


2-3 SEPARATION OF CONSTITUENTS 
FROM A MIXTURE 


Mixtures are of two types—homogeneous 
and heterogeneous. These can exist in any of 
the three states (solid, liquid or gas). Table 2-2 
lists various types of mixture. 


There are different moods which son Me 

he separation of constituents of a 

oe The Si sice of the method depends 
upon the nature of the constituents present in 
the mixture. The melting point, boiling point, 
solubility, etc. are considered to be the 
basis of their separation. Some of the common 
methods used for this purpose are explained 


below. 


2-3-1. SEDIMENTATION AND DECAN- 
TATION 

When sand is added to water in a beaker it 
settles down at the bottom of the beaker 
(Fig. 2-1). This is called sedimentation. The 
supernatant liquid is carefully poured into 
another beaker with the help ofa glass rod as 
shown in Fig. 2-2. During this process the 
sand at the bottom is not disturbed. This 
process is called decantation. The process of 
sedimentation followed by decantation is em- 
ployed to separate a mixture of a liquid 
component and an insoluble solid component 
heavier than the liquid component. 


GLASS ROD AY A 


N 


Fig. 2-1 Sedimentation Fig. 2-2 Separation by 
decantation 


2-3-1. FILTRATION 
This method is employed to s 

insoluble component from x liquid. STR ae 
ture of insoluble component and the liquid is 
poured on a filter paper fixed in a funnel 
(Fig. 2-3). The residue (insoluble component 
will remain on the filter paper and the oleae 
liquid will pass through the filter paper and AN 
collected in a beaker. The liquid thus collect A 
is called filtrate (Fig. 2-3). This proces er 
called filtration. The precipitate formed a 
chemical reaction is separated by filtration. $ 


Table 2-2. Examples of different types of mixtures 


Types of mixture Homogeneous ak 
= E ENEE RNN 
i i Air 

as in gas = 

a in fui Aerated water (CO,+H,0) F 

es in solid Hydrogen in palladium F 

PET in gas Mositure in air when we have mist A 

i Jellies 

Liquid in solid 3 = 

Liquid in liquid Alcohol in water oi "OO 

ponr Alloys (brass, bronze) moke (carbon in air) 


Solid in solid 


Solid in liquid Salt in water 


Gun powder (potassi k 
sulphur charcoal) ium nitrate+ 
Sand+water 
Se 
= a E 


FOLD IN FIX IN 
IN HALF QUARTER FUNNEL 


Folding and correct fixing of the 
filter paper on funnel. 


SAND + WATER 
~} SUGAR 


FILTER PAPER 
FUNNEL 


SUGAR 
SOLUTION 


Fig. 2-3 Separation by filtration. 


This method could be used to separate the 
following mixtures. 


(i) Sugar and Sand. Sugar is soluble in 
water. On filtration sand will get collected on 
the filter paper. Sugar solution will pass 
through filter paper. From this solution sugar 
will crystallize out on concentrating the 
solution. 


(ii) Sugar and Sulphur. Sugar is soluble in 
water whereas sulphur is insoluble in water. 


(iii) Charcoal powder and Sulphur. Sulphur 
is soluble in carbon disulphide whereas char- 
coal powder is insoluble in carbon disulphide. 


Thus by making use of the preferential 
solubility of one substance in a specific solvent, 
one can separate the two constituents of the 
mixture. 

2-3-3. EVAPORATION 


This method is employed for a mixture of 
miscible components and if the desired com- 


SOLUTION 


BURNER - 


Fig. 2-4. Evaporation 
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ponent is non-volatile. When a mixture of 
sugar and water is heated slowly in a china dish 
on a wire gauge as shown in Fig. 2-4, water 
evaporates and passes into the atmosphere. 
The residue (sugar) left in china dish can be 
collected. This method is called evaporation. 


2-3-4. SUBLIMATION 


This method is employed to separate a 
volatile component (like naphthalene, iodine, 
ammonium chloride, camphor, etc) from a 
mixture with non-volatile component. On 
heating, the volatile component in a mixture 
changes directly into vapours without liquefy- 
ing. The vapours become solid on cooling. 
This process is called sublimation. 


heat 
Solid = Vapour 
cool 


In a mixture of ammonium chloride and 
sodium chioride, ammonium chloride is a vola- 
tile component. This mixture is taken in a 
china dish and is covered with an inverted 
funnel as shown in Fig. 2-5. The stem of the 
funnel is plugged with cotton wool. The solid 
deposited on the inner side of the funnel is 
collected. The non-volatile sodium chloride ia 
left in the dish. 


COTTON 
WOOL 


Fig. 2-5. Sublimation, 


2-3-5. DISTILLATION 


Distillation is a process where a liquid on 
heating changes into vapours and then vapours 
on cooling convert into liquid. This method 
is employed to separate a mixture when both 
components are liquids or one is a soluble 
solid and the other is a liquid. Water and 
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WATER 
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i WATER 
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De 


Fig. 2-6. Separation of a mixture by distillation 


alcohol are completely miscible. Alcohoi is a 
volatile component. The mixture is taken ina 
round bottom flask which is fitted with a 
thermometre and a water condenser as shown 
in Fig. 2-6. On heating, the alcoho! vapours 
pass through the condensing unit where these 
are cooled and collected in a receiver. Water 
remains as residue in the flask A mixture of 
salt and water can also be separated by this 
method. 
2-3-6. CRYSTALLIZATION 

Solid substances are more soluble in hot 
water than in cold water or some other solvent 
depending upon the nature of the substance. 
Therefore, if we cool down a saturated solution 
of a substance, it will slowly start separating 
and finally crystallize out. This method is 
called crystallizatian. This method is generally 
employed for the purification of the substances. 
Crystals that separate on cooling are filtered, 
washed and dried, 


2-3-7, SEPARATION BY A MAGNET 
When a magnet is put ina mixture of iron 
filings and sulphur, the iron filings stick to the 
Magnet and get separated from sulphur (Fig. 
1-3). This method can be used to separate 
iron filings from a mixture of iron filings and 
carbon powder. This. method is used to separate 
the magnetically active component of a mixture. 


2-3-8. SEPARATION BY A SEPARATING 
FUNNEL 

A mixture of two immiscible liquids can be 
Separated by this method, Oil and water do 
not mix but form separate layers. When these 
two immiscible liquids are taken in a separating 
funnel (Fig. 2-7), the heavier liquid forms the 
lower layer and the lighter liquid forms the 
upper layer. On opening the tap, the lower 
layer comes down first, followed by the upper 
layer, Mixture of benzene and water can also 
be separated by this method. 


SEPARATING 
FUNNEL 


LIGHTER LIQUID 


SS S5—HEAVIER LIQUID 
Fig. 2-7. Separation of immiscible liqui 
separating funnel gids by 


2-4 SEPARATION OF SOME 
MIXTURES. 


SPECIFIC 


(i) Mixture of common salt, sand and 
sulphur, This mixture is treated with water. 
Common salt dissolves in water and js separated 
by filtration. The residue contains sand and 
sulphur. This mixture of sand and sulphur js 
treated with CSa. Sulphur dissolves in it but 
sand remains undissolved. On filtration sand 
is obtained as a residue and sulphur in the 
filtrate. On evaporation, sulphur is obtained 
from the filtrate The filtrate obtained earlier 
contains common salt. This is evaporated in 


a china dish. Co o E E 
enadi mmon salt is left behind in 


(ii) Mixture containin 
g sand, naphtha- 
lene and common salt. Naphthalene being 


volatile is separated by sublimation. Mixture 
of sand and common salt is treated with water. 
Common salt dissolves in water and is separated 
by filtration. Sand remains insoluble. Common 
salt is recovered from the filtrate on evapora- 
tion. 

(iii) Mixture containing kerosene oil, 
water and potassium nitrate. Potassium 
nitrate is soluble in water. Kerosene oil and 
water are two immiscible liquids. Kerosene 
oil being lighter than water forms upper layer. 
It is separated from water layer using a separat- 
ing funnel. The water layer contains potassium 
nitrate dissolved in it. On heating water 
evaporates and passes to the atmosphere. The 
residue {potassium nitrate) can be collected. 


2-5 PURIFICATION OF SUBSTANCES 

The components obtained by separation 
methods discussed in Section 2-3 are likely to 
contain other components (as impurities) in 
small quantities. The component can be puri- 
fied by repeating the method of separation. The 
principles of both separation and purification 
methods are the same. Fractional distillation 
method is used to obtain pure liquid in case 
the boiling points of two liquids do not differ 
much. This technique wili be discussed in 
detail in higher classes. If the liquid impurity 
has a boiling point nearly 40°C apart than that 
of the liquid to be purified, a simple distillation 
technique can be used. 

Test of purity. The purity of a substance 
can be ascertained by determining its melting 
or boiling point. For a substance to be pure 
it must give that value of melting point or 
boiling point which is known to exist for pure 
substance. With impurities present, the value 
will vary from the standard value. Crystals 
also have definite shapes. 

Melting point. Melting point of a sub- 
stance is defined as the temperature at which 
the solid changes into liquid. A pure sub- 
stance has a sharp melting point. The apparatus 
used for the determination of the melting point 
is shown in Fig. 2-8, Finely powdered substance 
is taken in a small boiling tube or capillary tube. 
This is tied to a thermometer with a thread. The 
bulb of the thermometer is dipped into water 
taken in a beaker. Heat the water slowly to keep 
the temperature of water uniform throughout. 
When the opaque solid becomes transparent 
the temperature is noted. This is the melting 
point of the substance. This method is used 
to determine the melting point of substances 
which melt below 100°C. For determining the 
melting point of wax, a small boiling tube is 
used. 


SOLID POWDER 
IN CAPILLARY 


TUBE 


Fig. 2-8. Determination of melting point 
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Boilng point. The boiling point of a liquid 
is defined as the temperature at which liquid 


Fig. 2-9 Determination of boiling point 
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changes into vapour phase. It must, however, 
be noted that the boiling point is not as reliable 
test of purity as is the melting point for the 
solid. The apparatus used for boiling point 
determination is shown in Fig. 2-9. The liquid 
is taken ina small test tube which is attached 
to a thermometer, using a rubber band, in such 
a way so that the liquid stands near the thermo- 
meter bulb. A capillary tube sealed from one 
end is put into it. The thermometer is then 
lowered into a beaker containing conc. H2504 
and held in a position keeping half of the test 
tube above the liquid. The liquid is now 
heated slowly. When the bubbles leave the 
lower end of capillary in a rapid stream the 
temperature is noted. The heating is stopped 
and the temperature at which the bubbles stop 
at the end of capillary is also noted. The mean 
of the two temperatures is found which is the 
boiling point of the liquid. 

Boiling points of organic liquids (or inflam- 
mable liquids) are determined by distillation of 
the liquid (Fig. 2-6). For liquids boiling at 
higher than 100°C, air condenser is used 
2-6 SOLUTION, SUSPENSION AND 

COLLOIDS 

Solutions are homogeneous mixtures of two 
or more substances. The substance present in 
the larger concentration is referred as the 
solvent; the component dispersed in the solvent 
is called the solute. 

To understand the di 
solution and a suspensio: 


beakers containing water. 
of sugar in one beaker an 


fference between a 
n let us take two 
Adda tea spoonful 
d sand in the second 


Table 2-2 Comparati 


beaker. Shake them well and now allow these 
beakers to stand undisturbed for about 10 
minutes. In the first beaker a homogeneous 
solution, called true solution results. In this 
solution, the components do not separate on 
standing and individual particles of the solute 
and the solvent cannot be'seen, even with the 
best optical devices. The particle size in a 
true solution is less than 10-7 cm. Here water 
is solvent and sugar is solute. In the second 
beaker a heterogeneous solution results, com- 
ponents of which separate upon standing 
Here you would observe that some sand parti- 
cles remain suspended in water making the 
solution turbid. This turbid solution is called 
suspension. Ina suspension the particle size 
is greater than 10-5 cm, Clay in water, PbSOg 
in water, smoke in air, pai: j 

are examples of REE aay ater 


Colloids or colloidal solutions a 
homogeneous mixtures but in true rse ‘ies 
are heterogeneous mixtures. Their particle 
size is between 10-7 and 10-5 cm. The solute 
particles remain suspended in the solvent 
phase. These particles in suspension constitute 
the dispersed phase ; the solvent phase is called 
the dispersion medium. The particles of the 
dispersed phase are so small that no settling 
occurs, yet large enough to make the mixture 
appear cloudy (translucent). Glue in water 
starch in water, soap solution, ink, blood, 
milk, tooth paste, etc. are examples of colloidal 
systems. In case of glue in water, glue is dis- 
persed phase and water is dispersion medium. 
Table 2-1 lists the points of difference between 
three types of solutions. 


ve properties of the three solutions -true solution, colloidal solution and suspension 


Properties True solution Colloidal solution Suspension 
Size of particle <10-7 cm Between 10-7—10-5 cm >10-§ cm 
Homogeneous Heterogeneous but appears to be Heterogeneous 


Type of mixture 


Appearance of 


homogencous 

Invisible even through Invisible through microscope. 
Their scattering effect has been 

characterized through ultra 


Visible to naked eye 


microscope. 


particles microscope 

Separation of Cannot be separated 

particles by any means 

Diffusion of Diffuse rapidly 

particles through a parchment 

membrane 

Tyndall effect No Yes 

Yes 


Brownian moyement No 


ee ee 
TAA ee S a 


Can only be separated by ultra 
centrifugation 
Diffuse slowly through a parch- 


Can be separated by ordi- 
nary filtration 


Cannot diffuse 


ment membrane 


2-7 PROPERTIES OF COLLOIDS 


The Tyndall effect : The Tyndall effect is 
avery interesting phenomenon exhibited by 
colloidal particles. When a beam of light is 
passed through a colloidal solution kept in a 
beaker in a dark room, the path of the right 
beam is illuminated and becomes visible when 


SOURCE TRUE SOLUTION 


COLLOIDAL 


Fig. 2-10. The Tyndall effect : The path of a beam 
of light can hardly be seen passing through a true 
solution (left) but is clearly visible in the colloidal 

dispersion at the right. 


seen from the side. This effect is similar to 
that observed when a beam of sunlight enters 
a drak room, the dust particles suspended in 
air are seen in a beam of light. This effect is 
due to the scattering of light by particles 
present in the colloidal solution and air. This 
is called Tyndall effect. This is not exhibited 
by a true solution. The Tyndall effect can be 
used to differentiate between a colloidal and a 
true solution (Fig. 2-10). 


Brownian movement: Colloidal parti- 
cles in suspension appear constantly in a state 
of irregular, rapid and dancing motion. This 


peel 


Fig. 2-11 Colloidal particle exhibiting the 
Brownian movement 
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erratic motion is called ‘Brownian movement’ 
after the name of botanist Robert Brown. In 
1828, Robert Brown observed under an ultra- 
Microscope the pollen grains, dispersed in 
water, moving about in a zig-zag fashion 
(Fig. 2-11). 


The following experiments can be performed 
in the laboratory. 


Experiment 2.1 : To separate components 
of mixtures of two substances one of which 
is soluble in water : 


Hint: A mixture of salt and sand is @ 
two component mixture. Salt is soluble in 
water. On filtration, sand could be collected 
on the filter paper and filtrate could be collected 
in a beaker. The filtrate is kept in a porcelain 
dish to evaporate slowly. Crystals of salt start 
forming after some time. These crystals are 
separated and purified by crystallization. 


Experiment 2.2: To purify a sample of | 
water by distillation : ‘ 


Hint: A water sample is generally puri- 
fied by distillation. The sample is heated and 
it would boil under atmospheric pressure at @ 
definite temperature (boiling point). Vapours 
are passed through a water condenser where 
they get cooled and converted into liquid. 
The water sample is collected in a receiver. 


Other liquids can also be purified by this 
method. 


Experiment 2.3: To test the purity of a 
solid by finding its melting point: say 
naphthalaene. 


Hint : For details refer to Section 2:5, 
i.e. Purification of substances—melting point. 


Experiment 2.4: To test the purity of a 
liquid by finding its boiling point : say alcohol. 


Hint : For details refer to Section 2°5, i.e 
Purification of substances—boiling point. 


Boiling point of alcohol is determined by 
distillation method (Fig. 2-6) 


KEY TERMS 
2-1 Substance. Any variety of matter of recognizably definite composition 


and specific properties. 


2-2 Compound. A pure substance composed of elements and chemically 


combined in fixed proportions. 


2-3 Mixture. The product obtained when two or more substances, that do 
not combine chemically, are mixed in any ratio. 


2-4 Heterogeneous mizture. A mixture with many phases, 


separable by mechanical means. 


usually 


2-5 Homogeneous mixture. A uniform mixture having the same specific 


properties throughout the bulk. 


2-6 Colloid. A heterogeneous mixture in which solute particles do not settle 
down on dispersing into a solvent phase. 


2-7 Dispersed phase. 


The solute particles in a colloid 


2-8 Dispersing medium. The solvent phase in a colloid. 
2-9 Tyndall effect. The scattering of light by colloidal particles. 


UNIT THROUGH EXERCISES 


2-1 Which of the following substances are 
mixtures or compounds ? 
(i) Gun powder, (ii) Water, (iii) Sea- 
water, (iv) Vinegar, (v) Ammonia, 
(vi) Alcohol, (vii) Smoke, (viii) Car- 
bonated water, (ix) Ink, (x) Blood, 
(xi) Urine, (xii) Soap, (xiii) Glucose, 
(xiv) Mango juice, and (xv) Alloys. 
(i), (iii), (iv), (vii), (viii), (ix), (x), (xi) 
(xii), (xiv) and (xv) are mixtures. 
2-2 What method would you use to separate 
the constituents of the following mixtures ? 
(i) Ammonium chloride and sodium chlo- 
ride 
(ii) Iron filings and carbon 
(iii) Salt+ water gees 
j 1 (b.p. 7: +water 
(iv) Alcohol (b.p ) (bp. 100°C) 


(v) Two immiscible liquids SE ees) 


Ans. 


(vi) Sand-+ water 
Ams. (i) Sublimation method 
(ii) Magnetic method 
(iii) Distillation method 
(iv) Fractional distillation 
(v) Separating funnel method 
Pi) Sedimentation method 
2-3 Name the term related to the following 
Pet aie between 10-7—1C-5 
(i) Size of particle is betw oe 
Loidal icles appear constantly in 
? Seats pari RR id and dancing 
motion. 


(iii) When a beam of sunlight enters a 
darkened room, scattering of light by 
the dust particles in the air is observed. 


(iv) Particles diffuse rapidly through a par- 
chment membrane. 


(v) Particles are visible. 


Ans. (i) Colloidal solution, (ii) Brownian 
Motion, (iii) Tyndall effect, (iv) True 


solution, (v) Suspension 


2-4 Choose the true statements of the 
following : 


(i) Solutions are homogeneous mixtures of 
only two substances. 


(ii) The Tyndall effect can be used to diffe- 
rentiate between a colloidal and a true 
solution. 


(iii) On heating, a pure substance melts 
over a range of temperature, 

(iv) Two miscible liquids are separated 
using a separating funnel. 


(v) A mixture of iron filings and sulphur 
can be separated using carbon disulp- 
hide. 


(vi) In a solution, the dissolved substance 
is called the solute and the substance 
which dissolves the solute is called the 
solvent. 


(vii) The particles of a suspension are bigger 
than the particles of a colloid. 


(viii) When two liquids, A (b.p. 110°C) and 
B(b.p. 80°C) are distilled, liquid B 
would be distilled first. 


(ix) Glue in water and starch in water re- 
present colloidal systems. 


(x) A mixture of wood and sand can be 
separated by magnetic method. 


Ans. (i), (ii), (v), (vi), (vii), (viii), and (ix) 
are true statements. 


Multiple Choice Questions 
2-5 Pick up the suitable choice : 


a 


6. 


. Conversion of a 


A mixture of water and ethyl alcohol is 
known as (homogeneous, heterogen- 
eous). 


. A mixture of chloroform and benzene 


can be separated by (distillation, sub- 
limation or filtration). 


. On sublimation ofa mixture of sand, 


sulphur, iodine and common salt, the 
sublimate will be (sand, sulphur, iodine, 
common salt). 


. A mixture of sugar, sand and sodium 


chloride is dissolved in water and then 
filtered through a filter Paper. The 
residue will be (sugar, sand, sodium 
chloride). 


solid directly into 
vapours is called (distillation, sublima- 
tion, evaporation). 

Tyndall effect is shown by a liquid. it 


must be a (true solution, colloidal solu- 
tion, pure liquid). 


- The melting point of a substance varies 


over a range of temperature. 
Stance is (pure, impure). 


The sub- 


Ans. 


3i 


1. homogeneous, 2. distillation, 


3. iodine, 4. sand, 5. sublimation, 
6. colloidal solution, 7. impure 
2-6 Fill in the blanks : 

LA Millis) aie a solution, 

2. A mixture of benzene and water can be 
separated by a process called..., ........ E 

3. The mixture does not have a ............ 
composition. 

4. A compound cannot be separated into 
its constituent elements by ......... s+ 
means. 

5. Smoke is a mixture of ...... HOA and 

6. The purity of a substance can be tested 
by determining its ............... ‘ 

7. Distillation is a method of purifying 

Ans. 1. colloidal, 2. separating funnel 


method, 3. definite, 
5. carbon, air, 
7. impure liquids 


4. physical, 
6. melting point, 


2-7 Match the statements in column A with those in column B, 


w N — 


= 


wn 


yo mn A 


Column A 
Clay in water 
Erratic motion 
Scattening of light 
Glue in water 


Heat 
Solid = 
Cool 


Wood -+iron filings 
Gun powder 


vapours 


Two immiscible liquids 
Sharp melting point 


Heat 
Liquid = 
Cool 


vapours 


Aw > 


Column B 
Pure substance 
Suspension 
Magnet 
Heterogeneous mixture 


Tyndall effect 


Colloidal solution 
Sublimation 
Brownian motion 


Separating funnel 


Distillation 
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2-1 


2-2 


2-3 


2-4 


2-5 


2-6 


2-7 


REVIEW QUESTIONS 


Distinguish among solute, solvent and 
solution. 


Distinguish between solution and 
colloid. Give examples of each. 


How wouid you determine whether an 
unknown liquid is a colloidal solution 
or a true solution ? 


Describe a method to separate the 
constituents of gun powder. 


Describe briefly how would you sepa- 
rate benzene (b.p. 80°C) and aniline 
(b.p. 184°C). 


Give the differences between evapora- 
tion and sublimation. 


Give reasons to show that air is a 
mixture of gases and water is a 
compound. 


2-8 How will you separate the mixture 
comprising the following constituents ? 


(a) Iron powder and carbon 
(b) Common salt, iodine and sand 
(c) Sugar and sulphur 


(d) Iron filings, common salt, sand 
and sulphur 
2-9 What is the Tyndall effect and how is 
it caused ? 


2-10 Put or x in the squares : 


(i) Brass is an example of a 
compound. fj 

(ii) Glass is an example of a 
heterogeneous mixture. 

(iii) Benzene is a solid organic 
compound. 

(iv) Milk is a homogeneous mixture. 

() Mercury is a liquid non-metal 


UNIT 3 


Structure of Atom and Chemical Bonding 


Rutherford is best known for his theories of 
radioactive decay and of the structure of atom. 
He discovered the three kinds of rays emitted by 
radioactive substances. He discovered atomic 
nucleus and developed the nuclear model of the 
atom, thus laid the foundation of the modern 
science of the structure of the atom. In 1908, he 
was awarded the Nobel Prize. 


Ernest Rutherford 
(1871—1937) 


Learning Objectives : 
At the completion of this unit, you should be able to : 


pa ie 


DEMIN 


w 09 


Give the postulates of the Dalton’s atomic theory. 

Comment on the cathode rays. 

Prove the existence of protons. 

Account for the mass of an atom through the existence of neutron. 

Explain the observations made with Rutherford’s experiment. 

Explain why the Rutherford’s atomic model is not satisfactory. 

Describe the Bohr’s model of the atom. 

Explain the term atomic number. 

State the relationship between the nuclear structure and the atomic and mass 
numbers. 

Calculate the maximum number of electrons that can occupy each principal energy 
level in an atom. i 

Write the electronic configuration of an atom. 

State what is meant by an isotope. 

Define and state the usefulness of valence electrons. 

Define the chemical bond. 

Write electron dot formulae for atoms and chemically combined atoms. 
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16. 


17. State what is meant by ions. 


Understand the significance of ‘octet rule’. 


18. Recognize that, as a general rule, elements tend to combine to form compounds 
in which they have a noble gas structure. 


19. Explain how, ionic and covalent bonds are formed between atoms. 


20. 


State the conditions governing the formation of ionic and covalent bonds. 


21. Explain the formation of a dative or coordinate bond. 


22. 


Describe the formation of multiple bonding in simple molecules. 


23. Differentiate between covalent and ionic compounds, 


24, 
25. 


Write Lewis structures for the various molecules. 
Understand the origin of polarity in covalent molecules and thus 


distinguish 


between polar molecules and polar bonds. 


3-1 INTRODUCTION 


According to the ancient Greeks, in parti- 
cular the philospher Democritus, all the 
materials and objects present in ths universe 
are composed of the smallest indivisible and 
indestructible particles. These particles were 
thought to be in constant motion but able to 
fit together into stable combinations. Today, 
these particles are referred to as atoms. 


On the basis of the simple notions of the 
Greeks and certain quantitative data (laws of 
chemistry ) available, John Dalton put forward 
his fainous atomic theory (Unit 1). 


Today, of course, our model of the atom 
is vastly more sophisticated than Dalton’s. 
The atom is more complex than his solid- 
sphere concept, which he develeped without 
knowledge of the subatomic particles called, 
electrons, protons and neutrons. The obser- 
vations that led to a gradual refinement and 
extension of the atomic theory are numerous 
indeed, a detailed description of all of them is 
beyond the purpose of this book. However, 
a brief account of some of the more significant 
break-throughs is given here. 

As we know, compounds are substances 
formed by the combination of atoms of two or 
more elements. The properties of compounds 
and the nature of the bonding between their 
constituent atoms will also be discussed in 
this unit. 


THE STRUCTURE OF THE ATOM 
3-2 CATHODE RAYS (ELECTRONS) 
a One of the first significant advances, after 
the Dalton’s atom, was made by J.J. Thomson 


(1898) and Lenard. The ic di 
3 . y passed electric dis- 
charges through gases, This led to the 


discovery of negatively charged particles. 
Basically, their device consists of a closed glass 
tube, into the ends of which are sealed two 
metal plates to serve as electrodes. A high 
voltage (5000-10,000 volts) is imposed across 
the electrodes (Fig. 3-1). 1f the air (or other 
gas say Reon, mercury vapour, helium, etc.) in 
the tube is at atmospheric Pressure, nothing is 
observed. 


HIGH VOLTAGE 


{16,000 V) 


CATHODE 


TO VACUUM 
PUMP 


Fig. 3-1. Formation of cathode rays. Electrons 
are flowing fror cathode to anode ina gas 
discharge tube. 


However, if most of the air is pumped out of 
the tube, the remaining air begins to glow and 
conducts the electric current. On lowering the 
pressure, the appearance of the tube changes. 
At sufficiently low pressures, the glow fades, 
although current continues to flow and the end 
of the glass tube with anode (the positive 
electrode) fluoresces (emits light). The fluore- 
scence at the anode of the tube is caused by 
the rays emerging from the cathode and mov- 
ing towards the anode. These rays are called 
cathode rays because they originate at the 
cathode. 


Y 


Thomson performed a series of experiments 
that permitted him to illustrate the important 
features of cathode rays ; their results are noted 
below : 


l. The cathode rays travel in straight 
limes, When a metallic object is placed in 
the path of the cathode rays, a shadow is cast 
upon the wall opposite the cathode (Fig. 3°2). 


FLUORESCENT 
SCREEN 


METAL 


SHADOW 
OF CROSS 


HIGH VOLTAGE 


Fig. 3-2. Cathode rays travel in straight lines and 
cast shadow of the object placed in their path 
upon the wall opposite the cathode. 


Also, if a metal plate (Fig. 3-3) with a 
hole (anode) in it is placed in front of the 
cathode and the end opposite the cathode is 
coated with a fluorescent substance, a bright 
spot of light can be seen. 


FLUORESCENT 
SCREEN 


ANODE WITH 
CATHODE HOLE 


BRIGHT 
SPOT 


Fig. 3-3. Movement of cathode rays. They move 
in straight lines and originate at the cathode, 
The shadow of the metal object on the wall 
opposite the cathode and the size of the spot 
on the fluorescent screen compared to the size 
of the hole inthe anode shows that cathode 
rays travel in straight lines. 


2. The cathode rays consist of 
particles. If a paddle wheel is placed in the 
path of the rays, it starts rotating (Fig. 3-4). 
This movement establishes that cathode rays 
consist of particles which can impart their 
momentum to the wheel. 
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HiGH VOLTAGE 


PADDLE WHEEL 


Fig. 3-4. Cathode rays impart mechanical motion 
to a paddle wheel placed in tacir path. They 
possess kinetic energy. 


3. The cathode rays consist of nega- 
tively charged particles. A magnet placed 
outside the tube causes the spot of light to 
move at right angles to the direction of the 
magnetic field (Fig. 3-5). The direction of the 
deflection suggests that the cathode rays carry 
a negative electric charge. The cathode rays, 
when pass through a strong electric field experi- 
ence deflection (Fig. 3-6) They move towards 
the positively charged electrode. This also 
shows that the rays carry a negative charge. 


FLUORESCENT 


CATHODE SCREEN 


ANODE 


BRIGHT 
MAGNET SPOT 


VOLTAGE 


Fig. 3-5. Effect of 2 magentic field on cathode 
rays. They are deflected by a magnetic field. 
The downward deflection shows that the 
cothode rays are negatively charged. 


BRIGHT FLUORESCENT 
SPOT SGREE 
CATHODE ANODE GREEN 


LOW VOLTAGE 
VOLTAGE 


Fig. 3-6. Effect ofan electric field on cathode 
rays. They are deflected by an electric field. 
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4. Th: cathode rays have came e/m 
irrespective of the mature of electrode 
and gases used. J.J. Thomson studied the 
behaviour of these rays by passing them 
through both magnetic and lectric fields. He 
adjusted the fields such that the cathode rays 
strike the fluorescent screen at the same spot as 
when neither field is present (Fig. 3-7). 
Thomson measured the ratio of the electric 
charge ‘e’ to mass ‘m’ of the particles in cathode 
rays by using this experiment. 


oo 
VOLTAGE 


Fig. 3-7. An assembly for measurement of e/m for 
the particles constituting cathode rays 
Thomson performed a series of experiments 
by using different metal of electrodes anei 
different gases in the tube. In all the arrange- 
ments, the charge to mass ratio, e/m, for 
cathode rays was found to be the same. 


This establishes that such negative particles 
form a common constituent of all gases. This 
has been found to hold good for other form of 
matter also. This fundamantal negative 
particle is named electron. 


In 1907, Robert A. Millikan successfully 
measured the absolute charge of the electron 
(480x 10710 esu or 1°6X 10-19 coulomb) and 
made it possible to calculate its mass. The 
electron’s mass was determined to be 
9.11 x 10-28 g (0:000548 amu) which approxi- 


of the mass of the hydrogen 


l 
mates -1340 


atom. 
3-3 POSITIVE RAYS (PROTONS) 


[f electrons are observe near the anode in 
a discharge tube, isn’t it logical to expect 
positively charged particles near the ca\thode? 
Actually, a radiation of this type has been 
observed by Eugen Goldstein (1886). He 
employed a discharge tube with a perforated 
cathode as illustrated in Fig. 3-8, and obs erved 
glow (at low pressure) at the end of the: tube 
beyond the cathode. This glow was caused by 
the rays emanating through ihe perfoirated 
cathode. These rays were called canal rays 


S. No. 


1. Composed of negati- 


by (Goldstein, since they moved towards 
cathode and finally passed through the holes 
(or canals) in the cathode. Unlike the cathode 
rays (which are not apparent unless they strike 
an object that fluoresces, such as glass), canal 
rays possess a luminosity of their own. Further- 
more, the colour of the iuminosity changes 
with the gas contained in the tube 


FLUORESCENT 
SCREEN 


VOLTAGE 


Fig. 3-8. Formation of canal rays 


Wilhelm Wien investigated Goldstein’s 
observations thoroughly and showed that canal 
rays are consisted of particles which are 
deflected towards the negative pole in an 
electric field and must therefore be positively 
charged. Wien determined the charge to mass 
ratio of these particles using a technique 
similar to Thomison’s employed in the studies 
of electrons. He obtained different results 
depending on the nature of the gas contained 
in the discharge tube. The charge to mass 
ratio for these particles was found to be much 
smaller than e/m for electrons. The value is 
maximum for hydrogen atom. The characteri- 
stics of cathode rays and canal rays are given 
in Table 3-1. 


Talble 3-1 Properties of cathode and canal rays 


Cathode rays Canal rays 


vely charged particles, 
called electrons 


2. Move in straight lines 


3. Possess kinetic energy 
and momentum 


charged ions 


Move iri straight lines 


Possess kinetic energy 
and momentum 


elm of their particles 
depends upon the 
nature of gas 


4. e'mof their particles 
is always the same 


e‘ 


When an electron is removed from hydrogen 
atom, the positive particle left behind is called 


a proton (from the i ‘protos” 
meaning first) Greek word ‘pro 


Composed of positively 


re ee 


Electrical 


————-> 


energy 


He +e 


H 5 
Proton Electron 


Atom 


The proton is a fundamental particle and a 
constituent of all atoms whose charge is equal 
to that of the electron, but opposite in sign. 
The mass of a proton is equal to the mass of a 
hydrogen ion, i.e., 1:67 x 10-24 g (1-007 amu). 


3-4 THOMSON’S MODEL OF ATOM 
The discovery of electron and proton 
provided evidence against the indivisibility of 
the atom. These particles provided scientists 
with a simple model of atomic structure. A 
hydrogen atom could now be considered to 
consist of two parts a positively charged proton, 
accounting for all the mass of atom, and a 
negatively charged, extremely light electron. 


ELECTRON 


DIFFUSION CLOUD 
OF POSITIVELY 
CHARGED MATTER 


Fig. 3-9 Thomson's model of the atom. 


wosraimia STEED 
PARTICLES ARE z 
UNDEFLECTED BEAM OF 


GOLD STRIP 
Fig. 3-10. Rutherford’s «-particles scattering experiment 
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Around the turn of the century, several 
attempts were made to extend this model of 
the hydrogen atom to a general oac that would 
apply to all atoms. One such moce! was creat- 
ed by Thomson in 1904. He regarded the 
atom as consisting of a diffuse cloud of posi- 
tively charged body (positive charge is uni- 
formely spread throughout the spherical 
volume of the atom) in which negatively charg- 
ed electrons are embeded throughout (Fig. 3-9), 
This has been referred to as the ‘plum pudding 
model’ by Thomson. His model could explain 
the phenomena of cathode ray production, 
light emission and ionization. However, no 
quantitative explanation could be achieved 
of these phenomena. 


3-5 RUTHERFORD’S EXPERIMENT 
(The scattering of «-particles) 


Sir Ernest Rutherford (1911) directed a 
narrow beam of «-particles (positively charged 
helium ion) from a radioactive ma*ziial towards 
an extremely thin strip of gold (Fig. 3-10) and 
determined the subsequent path of the particles 
(Fig. 3-1)). 

A fluorescent screen was set up around 
foil. He made the following obse alae H ey 


(i) Most of the «-particles passed strai 
through the metal foil to hit the Mines att 
screen ; 


(di) Some «-particles were deflected through 
a small angle from their original paths ; 


LEAD 
BOX 


SOURCE OF e¢ PARTICLE 
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SCREEN 
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LARGE ANGLE 
DEFLECTION 


Ee 
DEFLECTION 


Fig. 


(iii) A few o-particles were deflected through 
very large angles ; and 

(iv) Very few o-particles actually bounced 
back in the direction from which they came. 

Rutherford reasoned as follows : 

Since most of the «-particles pass through 
the gold strip without experiencing deflection, 
there seems to bea lot of empty space within 
an atom. 

The angies through which the individual 
a-particles are deflected vary widely. Defiec- 
tions reveal the following : 

(i) The «-particles are deflected due to colli- 
sion with the central part of the atom. 

(ii) The central part of the atom is posi- 
tively charged, hence, the positively charged 
g-particles are repelled by it. 

(iii) The fact, that very few «-particles are 
deflected through large angles, shows that 

the positive charge is contained ina very small 
space. Howeve., because the kinetic energy of 


ae ELECTRONS 


NUCLEUS 


(PROTONS) FORCE 


EMPTY 
SPACE 


(a) 


CENTRIFUGAL 


SMALL ANGLE 
DEFLECTION 


3-11 The general pattern of scattering of «-particles by a gold strip made up of atoms 


an -particle is very large, only a massive parti- 
cle with high charge within the metal atom 
could cause deflection through such large 
angles. 


Rutherford, therefore, concluded as follows : 


(i) Mass of an atom and its positive charge 
are concentrated in a very small region called 
the nucleus—the atom is mostiy ‘empty 
space’. 


(ii) The nuclear charge is balanced by nega- 


tively charged electrons revolving round the 
nucleus. 


(iii) The magnitude of the charge on the 
Massive nucleus is different for different atoms 
and is nearly one half of the numerical value of 
the atomic weight. 


Rutherford, thus, described that each atom 
consists of nucleus (positively charged) around 
which electrons (negatively charged) are revolv- 
ing (Fig. 3-12 a). In the atom of an element 


ans 


A 
i 
i) 
L] 


COULOMBIC 


INTERACTION 
NUCLEUS 

i (POSITIVELY 

| CHARGED) 

[ A Ea 

v 


(b) 
Fig. 3-12: Rutherford’s planetary model of the atom 


the number of electrons is the same as the 
number of protons’ in its nucleus. Further to 
account for the stability of the atom, he 
suggested that the electrons revolve round the 
nucleus with high velocities. The centrifugal 
force so produced counterbalances the coulom- 
bic force of attraction between the oppositely 
charged particles (Fig. 3-12 b). 

This was a beautiful model. Its logical 
simplicity was impressive, since it seemed to be 
like our solar system (planets move around the 
sun). However, the planets and the sun are not 


electrically charged particles. 


3-6 THE NEUTRON 

Rutherford (1920) had suggested that in 
addition to the two charged particles in an 
atom, there was the possibility of the presence 
of a particle of essentially the same mass as that 
of a porton but without any charge. 


James Chadwick (1932) showed the exis- 
tence of neutrons (neutral particles) as well as 
protons in tne nucleus of atoms by bombarding 
boron, beryllium or lithium metal with a-parti- 
ciles (Fig. 3-13). He observed that the radia- 
tions emitting from the metal did not experience 
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any deflection in the magnetic field, hence, 
Chadwick noted that these radiations must 
consist of particles that did not possess any 
electrical charge. On allowing these radiations 
to strike a block of paraffin placed in their path, 
protons were ejected from the paraffin. The 
particles in this new form of radiations were 
able to collide with hydrogen atoms (paraffin 
contains hydrogen atoms) and cause their ejec- 
tion by direct collision. Chadwick observed that 
only a particle similar in mass to the proton 
could be able to collide with hydrogen atoms. 
He called these particles, the neutrons. Table 3-2 
lists the basic physical properties of the atomic 
particles. 


5-7 BOHR’S CONCEPT OF ATOM 


Rutherford’s atomic model provides a 
reasonable view of the atom but it does not 
convey regarding the positions of electrons 
relative to each other and to the nucleus or to 
their state of motion around the positively 
charged nucleus. 

To circumvent the objections levelled against 
the Rutherford’s atoraic model, Niels Bohr in 
1913 put forward his theory regarding the 


structure of atom. He retained the main 
o 
e 
NEUTRONS 
@epocsoceece 
@ PROTONS 


BLOCK OF 
PARAFFIN 


Fig. 3-13 An assembly to produce neutrons 


Table 3-2 Properties of atomic particles 


Charge Location 


Mass 

Particle Symbol 

e 1/1840 of a hydrogen 
Electron MOi, 

p Equal to that of a 
Proton hydrogen atom 

n Equal to that of a 
Neige hydrogen atom 


Negative charge, 1°6 x 10-19 
coulomb (1 unit) 

Positive charge ; equal and 
opposite to that of electron 
(i unit) 

No charge 


Revolves round the 
nucleus 


Present in the nucleus 


Present in the nucleus 


~ 
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nres of the nuclear model of the atom 
iat A by Rutherford and proposed some 
modifications. The proposed model is known as 
Bohr’s model. 
The salient features of Bohr’s model of the 
atom are: e 
1. The nucleus of an atom is situated at its 
ceutre. 
2. The electrons in an atom move around 
the nucleus in definite circular orbits known as 
energy levels (or shells). 


3. Each energy level is associated with a 
fixed amount of energy. These energy levels are 
also called allowed or stationary states because 
the energy of the electrons remains constant as 
Jong as they keep on moving in the same energy 
level, 


4, These energy levels starting from the 
one close to nucleus, are numbered as 1, 2534, 
etc, or designated as K, L, M, N, etc. (Fig. 
3-14). 


NUCLEUS 


ENERGY 
LEVELS 


Fig. 3-14. Bohr's model of an atom 


5, An electron neither loses nor gains 
energy if it keeps moving in one of these 
stationary states. 


6. Anelectron can move only from one 
energy level to another. In such transitions, 
it either absorbs or emits a fixed amount of 
energy, i.e., the change in the energy of an 
electron takes place. 


7. When an electron jumps from a higher 
energy level to a lower energy level it emits 
energy when it jumps from a lower level to a 
higher energy level it absorbs energy. 


3-3 ATOMIC NUMBER 


Rurtherford’s work established that the 
mass of an atom and the mass of its nucleus 
are essentially equal since the mass of clectrons 
is very smail. He could not assign a precise 
positive charge to the nucleus. The magnitude 
of this charge was found by Henry G. J. 
Moseley (1913) in experiments with X-ray 
spectra. From Moseley’s relation, it was found 
that the number of unit positive charges on the 
nucleus is known as the atomic number of 
the element. It is denoted by Z. All atoms of 
a particular element have the same nuclear 
charge. Moseley investigated the positive charge 
on the nucleus of atoms of different elements. 
Since an atom is electrically neutral, the atomic 
number is also equal to the total aumber of 
electrons in the orbits (shells) of an atom of the 
element. Thus, 


Atomic number, Z=p=e 


Moseley’s work, thus, allows us to state 
that: 


All hydrogen atoms have 1 electron and 
nuclei having a charge of +1. 


All oxygen atoms have 8 electrons and 
nuclei having a charge +8. 


All sodium atoms have 11 electrons and 
nuclei having a charge +11. 


Thus nuclear charge determipfes the chemical 
identity ofan atom. The ejethent to which an 
atom belongs is, therefore, determined by its 
number of electrons or its nuclear charge, and 
not by its mass. Moseley suggested that 
atomic number was more significant than the 
relative atomic mass in determining the proper- 
ties of elements and could be the basis of classi- 
fying elements. 


3-9 MASS NUMBER 
The tota! number of protons and neutrons 
contained in the nucleus of an element is called 
its mass number. It is denoted by A, The 
mass number is always a whole integer. Thus, 
Mass number, A=n-+-p 
=n+Z 


Protons and neutrons are collectively kn 

í own as 
nucleons. These particles are e rtemsiy tightly 
packed together in the nucleus. The difference 


of mass number and atomic number 
the neutron number. Thus, equals 


4—Z=Number of neutrons 


| 
| 


For a hydrogen atom, the mass number is 
equal to its atomic number because there is no 
neutron in a hydrogen atom. A helium atom 
contains 2 protons and 2 neutrons. Therefore, 
the mass number of helium atom is 4. A parti- 
cular atom with an atomic number of 17 and a 
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mass number of 35, therefore, contains 17 
protons and 18 neutrons in its nucleus and has 
17 extranuclear electrons. Table 3-3 illustrates 
the number of protons, neutrons and electrons 
and atomic and mass numbers for the atoms of 
some common elements. 


Table 3-3 Atomic number and mass number ef some common elements 


Element Notation pares 
(Z) 
Hydrogen lH 1 
Helium 4He 2 
Lithium Thi 3 
Beryllium 3Be 4 
Boron ilg 5 
Carbon Vo 6 
Nitrogen 14 7 
Oxygen 16o 8 
Fluorine 1p 9 
Neon 20Ne 10 
Sodium a Na 11 
Magnesium 24mg 12 
Aluminium 7al 13 
Silicon 285i 14 
Phosphorus ip 15 
Sulphur 325 16 
Chlorine el 17 
Argon PA 18 
Potassium 33K 19 
Calcium Pea 20 


Mass | Npe | Number | Number 
(A) P "e a Mz) electrons 
tial 1 0 1 
4 2 2 2 
7 | 3 4 3 
2 4 5 4 
1 5 6 5 
12 6 6 6 
14 1 7 7 
16 8 8 8 
19 9 10 9 
20 10 10 10 
2a 1 12 1 
24 12 12 12 
27 13 14 13 
28 14 14 4 
2 15 16 15 
32 16 16 16 
35 17 18 17 
40 18 2 18 
32 19 20 19 
40 20 20 20 


a 


To designate a specific atom and its nuclear 
contents, the symbol for the element with the 
atomic number as subscript and the mass 
number as a superscript, both to the left of 
the symbol, is written, e.g., tHe. Table 3-3 
also illustrates this notation. 


3-10 DISTRIBUTION OF ELECTRONS 
IN DIFFERENT ENERGY LEVELS 
(ELECTRONIC CONFIGURATION) 


In 1913, Niels, Bohr visualized the atom as 
a miniature solar system with electrons orbit- 
ing the nucleus at definite distance from the 


shells or energy levels (or 


probably be found. 
near the nucleus and has the lowest energy. 
Relative energy 
tance from the nucleus 


Bohr and Bury Suggested a scheme for the 
distribution of electrons in various shells on 
the basis of certain experimental facts. The 
systematic distribution of electrons in various 
energy states or shells of an atom is called the 
electronic configuration. Accordingly : 


1. The electrons are arranged around the 
nucleus in different energy levels or shells. The 
distribution of electrons follows the ‘aufbau 
principle’. The aufbau principle says that 
electrons first occupy the shell with the lowest 
Cliergy and then move towards the higher 
energy levels. 


2. The maximum number of electrons to 
be accomodated in any energy level of an atom 
is given by 272, where n represents the number 
of the energy level (n is called the Principal 
quantum number ; its values are 1; 2) SAs. 
These values refer to the energy levels). Thus 
the maximum number of electrons in the first 
shell, i.e., K-shell (m= 1) is2; in the second 
shell, i.e., L-shell (n=2) is 8 ; in the third shell, 
i.e., M-shell (n=3) is 18 ; and so on. Dis- 
tribution among the various shells is given 
below : s 


Energy level Name 2n* Maximum electron 
Neal Population 

1 K-shell  2(1)? 2 

2 L-shell 272) 8 

3 M-shell 25 e 18 

4 N-shell  2(4) 32 

$ 


3. In the outermost shell of any atom, the 
Maximum possible number of electrons is 8 
except in the first shell which can have at the 
most 2 electrons. 


4. The penultimate shell (just before the 
outermost) cannot have more than 18 electrons. 


5. It is not essential for a shell to be 
completed according to the 2nd rule before 
electrons fill the next shell. When a shell 
acquires 8 electrons, a new shell with electrons 
in it may be formed 


To visualize the distribution of electrons in 
greater detail a pictorial representation of a 
few atoms is given in (Fig. 3-15). 


A helium atom contains 2 electrons which 
occupy the K-shell. A lithium atom contains 
3 electrons. Of these 3 electrons, K-shell has 
2 electrons to its full capacity according to 2n2 
rule. The third electron of lithium occupies the 
L-shell. Now as the atomic number increases 
the electrons continue to Occupy the L-shell till 
it contains 8 electrons to its full capacity 
according to 2n? rule. In neon atom, there are 


10 electrons. The first two elect 
the K-shell and th feed poeta 
L-shell. 


electrons—two electrons occupy t 


he K-shell,. 8 
electrons 


The eleventh 


Table 3-4. Distribution of electrons for the first 
twenty elements 


a aes as ry 


OREA 4 omke — __Distribution of electrons 
(n=1) | (a=2) (n=35) | (n= 4) 
H 1 1 
He 2 2 
Li 3 2 1 
Be 4 2 2 
B 5 2 3 
Cc 6 2 4 
N 7 2 5 
o 4 2 6 
2 7 
Ne 10 2 8 
Na 11 2 8 1 
Mg 12 2 8 2 
Al 13 2 8 3 
Si 14 2 8 4 
p 15 2 eg 
S { 16 2 8 6 
el 17 2 8 7 
AAT 2 8 8 
a es 2 E a bea 
PEES 2 8 8 2 


© OÔ 


ELEMENT H He 
ATOMIC NUMBER 1 2 
K1 2 
DISTRIBUTION OF 
ELECTRONS IN L 
SHELLS 
M 
= 
ELEMENT Na Mg 
ATOMIC NUMBER 11 12 
K 2 2 
DISTRIBUTION OF 
ELECTRONS IN L 8 8 
SHELLS. 
M1 2 
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Fig. 3-15. Distribution of electrons in various energy levels 


electron goes to the M-shell. Accordingly, the 
electronic configuration of the last atom, 
Argon shown in Fig. 3.15 is 2, 8, 8. 

The distribution of electrons for the first 
twenty elements is given in Table 3-4. 


3-11 ISOTOPES 

The mass of an atom is mainly attributed to 
the masses of protons and neutrons contained 
in its nucleus (the electrons have negligible 
mass.) Since the relative atomic masses of 
proton and neutron are virtually equal to 
one, it would be presumed that all the ele- 
ments would have their relative atomic masses 


very Close to whole numbers. But this is true 
only in a few cases, e.g., helium, oxygen and 
aluminium. The relative atomic masses of 
helium, oxygen and aluminium are 4:0026, 
15:999 and 26'982 respectively. The relative 
atomic masses of other elements are far from 
being near whole numbers, e.g., neon (20:183), 
magnesium (24:312) and chlorine (35:5). Now 
the question arises as to why are the relative 
atomic masses of some of the elements not 
close to whole numbers ? In nineteenth century 
chemists were able to determine relatively 
accurate atomic weights for all the elements, 
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Now take the case of chlorine for which 
atomic mass is 35:5. One chlorine atom con- 
tains 17 protons and 13 neutrons. The atomic 
mass of chlorine due to 17 protons and 18 
neutrons is (17 1:0+18x 10) 35. The deter- 
mined value is 25:5. The explanation of this 
difference and the answer to the question raised 
earlier has been given by considering the exis- 
tence of isotopes. Natural occurring chlorine 
consists of two isotopes, one Tepresented by 


37C! (757%), and the-other by $7CI (25%). The 
average atomic mass is 


15 25 
( 35x qa) +( 37x ioy |=2625+9:25 


=35-5 
In 1911, F.W. Aston also showed that 
atoms of some naturally occurring elements 
have slightly different masses, Thus, atoms of 
the same element that possess different masses 


are called the isotopes of the element. 
is a Greek word. ‘Iso’ is for same and ‘tope’ is 
for place. Therefore, the isotopes of an 
element occupy the same place in the periodic 
table. Isotopes have the same number of pro- 
tons (or same atomic number) but different 


number of neutrons (or different mass number) 
in their nuclei, 


Isotope 


As the isotopes of any element have the 
same number of protons, they should also have 
the equal number of electrons. Therefore, 
they show similar chemical properties because 
these depend upon the electronic configuration 
of the atom. Neutrons have little influence on 
the chemical properties of elements. They con- 
tribute to the mass of the atom and are 
responsible for the existence of isotopes. 


Isotopes have difierent physical „properties 
such as densities, melting and boiling points 
and some other physical properties. This is 


Table3-5, Composition of some common isotopes 


ooo 


Isotopes Notation Atomic Mass Number of Number of Atomic Number of 
Number Number protons neutrons weight electrons 

aa ee ee 
at iH 1 1 1 0 1-008 1 
pane 2H 1 2 1 1 2'014 1 
Gages $ iw 1 3 1 2 3-022 3 
Lithium-6 Shi 3 6 3 3 6-015 3 
Lithium-7 JLi 3 7 3 4 7016 3 
Carbon-12 ie 6 12 6 6 12,000 6 
Carbon-14 We 6 13 6 7 13.003 6 

Carbon-4 Ve 6 14 6 8 14-003 6 

Nitrogen-14 IIN 7 14 7 7 14-003 7 
Nitrogen-15 1SN 1 15 7 8 15:000 7 
Oxygen-io Ifo 8 16 8 8 15:995 8 
Oxygen-17_ Vo 8 17 8 9 16:999 8 
Oxygen-18 Bo 8 18 8 10 17:999 8 
Chiorine-35 Şc 17 35 17 18 34'970 17 
Chlorine-37 ei 17 37 17 20 36:970 17 


eE a she al 


because of the fact that isotopes contain diffe- 
rent number of neutrons in their nuclei. 


Table 3-5 summarizes the composition of 
some conmon isotopes. 


3-12 VALENCE ELECTRONS 

The electronic configuration of nitrogen is 
2, 5, i.e., 2 electrons in K-shell and 5 electrons 
in Leshell. Tne electrons present in L-shell, 
i.e. the outermost shell of the nitrogen atom 
are called the valence electrons. These electrons 
take part in the chemical combination of 
atoms, Thus, these electrons also decide the 
combining capacity of an atom, and hence, 
valency. The shell containing the valence 
electrons is called valence shell. The number 
of valence electrons present in the nitrogen 
atom is 5. The valence shell is the L-shell. 

The number of valence electrons of an 
element also tells us about the periodic group 
number of an element. For example, hydrogen, 
sodium and potassium contain one electron 
each in their valence shells and all these ele- 
ments belong to the first group. Some other 
elements, e.g:, both magnesium and calcium 
contain 2 electrons in their valence shells and 
hence, claim their position in the second group 
of the periodic table (Unit 4). 

The valency of an element is given either 
by its number of valence electrons, i.e., the 
periodic group number (G) and/or by (8-G). For 
example, the valency of elements like Na, Mg 
and Al is 1, 2, 3 respectively, i.e., same as the 
number of their valence electrons. For some 
other elements like, nitrogen, oxygen and 
fluorine the valency is calculated by subtracting 
the number of valence electrons from 8 (or 8- 
periodic group number). Thus, nitrogen, 
oxygen and fluorine have valency, 3,2 and 1 
respectively. 

In a group, the number of valence electrons 
remains the same. Ina period, the number of 
valence electrons increases on going from left 
io right. 


Helium, neon and argon with 2,8, and 8 
electrons respectively in their outermost shells 
are known as inert elements or noble gases. 
Their inertness is attributed to the stable elec- 
tronis ivrangement. 


CHEMICAL BCNDING 


3-13 CHEMICAL BONDING 


In 1803, Dalton proposed that atoms 
united with one another in order to form stable 
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molecules. This assumption proved to be 
correct, and was a major step in the advance- 
ment of chemistry. But it also posed many 
questions: Why do atoms unite together to 
form molecules? What keeps the atoms 
united and how is bonding achieved ? 


Following the discovery of the electron and 
the development of theories of atomic structure, 
it was suggested that the electrons revolving 
round the nucleus were involved in the forma- 
tion of chemical bonds between the atoms, It 
was soon realized that for many elements the 
number of outermost electrons was related 
directly to the valency. Thus the alkali metals 
with one electron in the outermost shell have a 
monovalency, the alkaline earth metals with 
two outermost electrons have a bivalency, etc. 
It is, therefore, customary to speak of the outer- 
most electrons as valence electrons. 


The first clue to the chemical combination 
came only from the structure of noble gases 
and their remarkable inability to enter into 
chemical combination. It is fair to assume 
that noble gases have a stable electronic con- 
figuration and that the unreactive nature of 
these elements is due to their special electronic 
configuration. In 1916, Walter Kossel and 
Gilbert N. Lewis independently advanced the 
view that atoms tend to react together so as ta 
attain the stable electronic configurations of- 
the nearest noble gases. In the process of com- 
bining, atoms attain either the stable electronic 
configuration of helium or the configuration 
of some other gas. Since the atoms of noble 
gases, with the exception of helium, have cight 
electrons in their outermost shell, the Kossel,- 
Lewis theory became known as the ‘octe?- 
rule’. There are many exceptions to the 
octet rule, but it is still a very useful concept 
for understanding the chemical bond. 


When two similar or dissimilar atoms 
approach each other, both attractive and re- 
pulsive forces start acting on them. As a 
consequence of these forces, the electrons 
present in the outermost shells of the atoms 
rearrange themselves to attain the stable struc- 
ture of the nearest noble gas. As a result of 
rearrangement, a molecule forms if the forces 
of attraction are stronger than the forces of 
repulsion Thus the attractive force is termed 
as chemical bond. During the formation of a 
chemical bond, energy is either evolved or 
absorbed depending on the mature of the 
reacting substances and the bonds that are 
formed. 
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The octet theory states that in a chemical 
bond formation, atoms tend to gain, lose or 
share electrons to achieve the stable electronic 
configuration of a noble gas. Generally this 
happens through the formation of one or the 
other type of bond—ionic (or electrovalent) 
covalent or coordinate. 


3-14 THE IONIC (OR ELECTRO- 
VALENT) BOND 


Ionic bond results from the force of attrac- 
tion between oppositely charged ions. Ions 
are formed when electrons are transferred from 
sone atom to another. As a result of transfer 
“of electrons, ions acquire stable electronic 
configuration similar to those of the „nearest 
noble gas. Let us consider this process in more 
detail by examining the nature of ionic bond 
in sodium chloride, a typical ionic compound. 
The electronic configuration of sodium is 2, 8, 
1. Only the last electron is important for 
bonding. If the sodium atom transfers its 
single valence electron to another atom, it 
acquires a positive charge (the resulting species 
has 10 electrons but still 11 protons, hence, it 
acquires the positive charge carried by the lith 
proton). This positively charged species is 
called a cation (Fig. 3-16). 


Na+ 
2.8 


Na 
281 


Fig. 3-16, Formation of sodium ion 


SODIUM ATOM (2, 8, 1) CHLORINE ATOM (2, 8, 7) 


The electronic configuration of chlorine is 
2, 8,7. The last seven electrons are valence 


ə 


ar 
2 8 8 


Fig. 3-17. Formation of chloride ion 


electrons. If the chlorine atom accepts one 
electron from the other combining atom, it 
acquires the negative charge ‘(the resulting 
species has 18 electrons but still 17 protons, 
hence, it acquires negative charge due to extra 


electron). This negatively charged species is 
called an anion (Fig. 3-17). 


When sodium chloride forms, the sodium 
atoms lose electrons (forming sodium ion), 
transferring them to the chlorine atoms which 


in turn accept them forming chloride ions 
(Fig. 3-18), 


As the sodium atom transfers its valence 
electron, it attains the electronic configuration 
of the neon atom (2,8). As the chlorine atom 
accepts the electron, it attains the electronic 
configuration of the argon atom (2, 8,8), The 
interaction between a sodium atom and a 
chlorine atom may be illustrated by electron- 
dot-representation (Lewis’ structure), Figure 
3-19 illustrates the Lewis’ representation. 


Note. Electrons shown by dots and small 
circles are identicals, They have been shown 


by different symbols just to indicate that they 
belong to different elements. 


Q 
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CHLORIDE ION (2.8.8) 


] 


SODIUM ION (2,8) 


Fig. 3-18. Electrovalent interaction of sodium and chloride to form sodium chloride 


TRANSFER oy 


Nath fee cl g 
eo 


CONFIGURATION 


—> 


47 


a eo 
[na] 2 eo 
(2,8) oo 
(2.8.8) 
ARGON 
CONFIGURATION 


NEON 


Fig. 3-19. Lewis’ representation of sodium chloride 


i i t are formed 
cations and anions that a 
ee each other (by virtue of their opposite 
charges) to produce an infinite three dimen- 
sional crystalline lattice of sodium chloride. 


Let us consider a few more examples. 


Magnesium Chloride : Magnesium atom 
has two electrons in outermost shell. The two 
electrons are transferred to two chlorine atoms. 
In this process, magnesium 10n (Mg 2 an its 
two chlorine ions (Cl) acquire the mabe 
electronic configuration of noble Ease e 
interaction has been portrayed in Fig. 3-20. 


MAGNESIUM 


ATOM (28.2) 


TWO CHLORINE 
ATOMS (2.8.7; 


Lewis’ representation 
chloride is given in Fig. 3-21. 


Calcium oxide : Calcium atom with 
electronic configuration 2,8, 8, 2 loses two 
electrons to form Ca2+ ion (2, 8, 8). The two 
electrons lost by calcium are accepted by 
Oxygen and becomes oxide ion, O2- (2, 8). 
Thus the atoms attain stable electronic con- 
figurations. The diagram for the formation of 
calcium oxide is shown in Fig. 3-22. 


The electron-dot representation for calcium 
oxide is given in Fig. 3-23, 


of magnesium 


he 


È 


TWO CHLORIDE 
IONS (2. 8, 8) 


MAGNESIUM 
ION (2.8) 


Fig. 3-20. Electrovalent interaction of magnesium and chlorine to form magnesium chloride 
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Fig. 3-21. Lewis’ representation of magnesium chloride 
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CALCIUM ATOM 
(2. 8, 8. 2) 


— a a 


e 
D 


PN 


OXYGEN ION 
(2,8) 


CALCIUM ION 
(2,8,8) 


OXYGEN 
ATOM (2.6) 


Fig. 3-22. Electrovalent combination of calcium and oxygen to form calcium oxide 


me 00 2- 
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Fig. 3-23. Lewis’ representation of calcium oxide 


The transference and acceptance 
Compounds is illustrated in Figs. 3-24 and 3-25, 


of electrons in the formation of a few other electrovalent 
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Fig. 3-24. Formation of aluminium fluoride 
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Fig, 3-25, Formation of sodium sulphide 


Thus the number of electrons gained or lost 
by an atom of an element during chemical 
combination so as to attain stable configuration 
is called its electrovalency. 


From the above it is evident that electronic 
configuration of an element helps to decide 
about the nature of elements which can form 
electrovalent bonds. Generally the element 
which can donate electrons easily, i.e., electro- 
positive (metallic) elements like, Li, Na, K, Be, 
Mg, Ca, etc. and the elements which can accept 
the electrons easily, ie., electronegative (non- 
metallic) elements like F, Ci, O, S, etc. form 
ionic bonds and hence ionic solids. 


Properties of electrovalent compoands 


1. They contain oppositely charged ions 
only and have no molecule in them. 

2. Their ions are held together by strong 
electrostatic forces of attraction Hence these 
compounds are solids. Thus, the crystalline 
solids are a network of ions held together bv 


electrostatic attraction. 

3. They have high melting and boiling 
points. 

4, They con 
state and are, t 
due to the presence ©: 

5. They are mostly soluble in water, but do 
not dissolve in organic solvents such as 
benzene, ether and acetone. 

6. They ionize in solution. 

7. Aqueous solutions of ionic compounds 
conduct electricity because ions are present in 
such solutions. 

Experiment 3-1 Potassium sulphide is a 
typical alkali metal sulphide. It is put into 
water and the resulting solution conducts an 
electric current. Comment on the nature of 
compound. 

Potassium sulphide is an electrovalent com- 
pound. Its formation is portrayed in Fig. 3-26. 


duct electricity in the molten 
herefore, electrolytes. This is 
f ions in the melt. 


+ s? ——»>2 [{k]” 


49 


Experiment 3-2 Electrovalent 
confer electrical conductivity to ae 
tances. Take a solution of sodium chloride in 
water and dip the two electrodes in the salt 
solution. Connect these two electrodes toa 
battery via electric bulb as illustrated in Fig 
3-27. On pressing the key the bulb glows. 
This phenomenon confirms that the solution 
of NaCl furnishes ions which move freely and 
independently of one another These ions 
conduct electric current. Similar compounds 
like MgCle, KBr, CuSO4, etc. will also conduct 
electric current in aqueous solution. 


Fig. 3-27. Aqueous solution of ionic com- 


pounds conduct electric current. Cur 

from the negative end of the source EERE 
wire to the plate C. The current fiows from C to 
A through the solution, From A to the positiv 
terminal of the current source, the current Gs 
through the wire. Conduction through the 
pomon is signalled by the glowing bulb in the 


_ Now if sodium chloride solution is sub- 
stituted by sugar solution, chloroform or 
benzene, etc. the bulb does not glow. This is 
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Fig. 3-26. Formation of potassium sulphide 
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Fig. 3-28. Covalent combination of ty.o flucrine atoms 


because of the absence of charged ions in the 
solution. Such compounds are called covalent 
compounds. 


3-15 THE COVALENT BOND 


The covalent bond is formed by the mutual 
sharing of equal number of valence electrons by 
the two reacting atoms. The shared or bonded 
electron pair is associated with both atoms. 
One or more pair of electrons are held in 
common by the combined atoms. By sharing 
electrons, the participating atoms achieve the 
chemical stability associated with a noble gas. 
Let us consider the formation of fluorine mole- 
cule. Fluorine atom has seven electrons in its 
outermost shell (2,7). When two atoms of 
fluorine unite to form a molecule, one electron 
is provided by each of the two fluorine atoms. 
fluorine molecule is formed in which both the 
fluorine atoms attain the stable octet electronic 
configuration as shown in Fig. 3-28. 


The combination of two fluorine atoms may 
be illustrated below by electron-dot Tepresen- 
tation (Fig, 3-29),, 


The pair of electrons that is shared between 
the two fluorine atoms constitute the covalent 
bond. The fluorine molecule with one shared 
electron pair (represented by a single line, —) 
wili have a single bond. The remaining six pair 


of electrons that are not mutually shared are 
called nonbonding electrons, 


Hydrogen molecule : 
contains one electron in its y 
order to form H3 molecule, 
one electron each so as to c 
pair of electrons. In the Process, both the atoms 
attain the stable electronic configuration of 
helium (a duplet of electrons), see Fig. 3-30, 


Hydrogen atom 
alence shell. In 
both atoms shure 
Teate one shared 


Hydrogen chloride. 
hydrogen unites with one 
hydrogen attains a duplet of electrons and 
chlorine attains an octet of electrons by sharing 


a electron pair, one electron being given by 
each participants (Fig. 3-31), 


When one atom of 
atom of chlorine, 


mia Si re — p DS 
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Fig. 3-29 


ELECTRONS 


Covalent bond formation in a fluorine molecule—a Lewis’ representation 
i 
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O:O-@® 


H(1) H(1) 
He + He > He OH OR eee 
a) 1) 


Fig. 3-30. Covalent bonding in a hydrogen molecule 


Nitrogen with five electrons in its valence shell 
and hydrogen with one electron in its only shell 
attain an octet and duplet electronic configura- 


Go 
Ni o tions respectively. In the process, for each 
H o3 ol o electron of hydrogen atom, nitrogen atom 
e contributes an equal share. Thus, there are 
ts three pairs of electrons being shared between 
Se one nitrogen atom and three hydrogen atoms 


i (Fig. 3-32). 
ig. 3- lent bonding in a hydrogen j 
Fig. 3-31 Covering molecule The Peed" ete aad TA ONN 
of ammonia are given below : 


The electrons dot representation and struc- 


tural formula of HCI are given below : 4 
oo Os io 3 
Ni O, H 2 ° 
Ho +tocag—y» H@ acl 8 Si Moa zE ves T 
oo o9 oo 
i ene Methane molecule. A molecule bas four 


hydrogen atoms and one carbon atom. The 
OR electronic configuration of carbon is 2, 4. 
Carbon shares its four electrons with hydrogen 


H—Cl 


‘ i hree 
Ammonia molecule : Ammonia has t 
atoms of hydrogen and one atom of nitrogen. 


ao 


alent bonding in ammonia m 


Fig. 3-33. Covalent bonding in methane 


olecule 
Fig. 3°32 Cov: 


52 


atoms to attain stable electronic configuration 
like neon. Inturn every hydrogen atom also 
achieves duplet of electrons. There are sour 
shared pairs of electrons as shown in Fig. 3-33. 


The Lewis’ structure and structural formula 
of methane are as follows : 


4 H 

ec | 
HERC H onte 

oo | 

H H 


The formation of a few other molecule 
through sharing of electrons is portrayed in 
Figs. 3-34 and 3-35. 
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H H 
Oe 

Hog OR H— o 
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Fig. 3-34. Covalent bonding in water molecule 


Multiple Covalent Bonds. In each of 
the examples discussed above, a single pair of 
electrons is shared between the constituent 
atoms in the given molecole However, in 
some molecules, two or three pairs of electrons 
may be shared between atoms in order to 
attain a noble gas electronic configuration, and 
thus, to obey the octet rule. When two or 
three pairs of electrons are shared between two 
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Fig. 3-35. Covalent bonding in carbon 
tetrachloride 
atoms in a molecule, the resulting bonds are 
called multiple covalent bonds. Two pairs of 
electrons between two atoms constitute a 
double covalent bond which can be denoted by 
means of two dashes (=), 


‘Similarly, three pairs of electrons between 
‘wo atoms constitute a triple covalent bond 
which we denote by means of thee dashes (=) 


Double and triple bonds occur in the Lewis’ 
Structures of oxygen and nitrogen molecules 
respectively, Each atom in a molecule of 
oxygen contributes two electrons to form two 
shared pairs of electrons as given in Fig. 3-36. 


TWO SHARED PAIRS 


OF ELECTRONS 


oo 
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o0 t 
DOUBLE 
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Fig. 3-36 Formation of Oxygen molecule 
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Fig. 3-37. Formation of nitrogen molecule 


Similarly, each atom in a molecule of 
nitrogen shares three ofits electrons with the 
other nitrogen atom to form a triple bond 
(Fig. 3-37). 

The following covalent compounds also 
illustrate double bond and triple bond forma- 
tion in the molecules. 


In carbon dioxide, each of the two oxygen 
atoms shares two electron pairs with a carbon 
atom. Thus, each of the two oxygen atoms 
forms two covalent bonds and the carbon forms 
four covaient bonds (Fig. 3-38) 

Ethylene and acetylene illustrate double bond 
and triple bond respectively. In ethylene mole- 
cule, each hydrogen atom is linked with the 


carbon atom through a single covalent bond 
and both the carbon atoms are linked with 
each other through a double bond (3-39). 


In acetylene molecule, each hydrogen atom 
forms one covalent bond witha carbon atom 
and each carbon atom forms a triple bond 
with the other carbon atom (Fig. 3-40). 

Now the foregoing examples of covalent 
compounds reveal that the covalency of an 
element depends upon the number of electrons 


its one atom contributes for forming a covalent 
bond. 


Covalent bonds are thus formed, 
1. between identical atoms 


eo oo oe 
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DOUBLE 
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Fig. 3-38. Formation of carbon dioxide 
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Fig. 3-40. Formation of acetylene 
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2. between atoms belonging to the same 


periodic group such as chlorine and fluorine, 


3. between atoms belonging to adjacent 
periodic groups such as aluminium and carbon, 
and 


4. between any two non-metallic atoms 
such as carbon and oxygen, hydrogen and 
chlorine or boron and chlorine. 


Properties of covalent compounds 


1, Covalent compounds consist of 
molecules and do not contain ions. 


2. Simple covalent compounds are volatile 
liquids or gases because their molecules are 
electrically neutral and their intermolecular 
forces are much weak. 


3: They have low melting and boiling 
points, however, covalent solids like diamond 
and graphite are exceptions. 


4. They are non-electrolytes and do not 


conduct electric current when in molten state 
or dissolved in water. 


5. They are readily soluble in organic 


solvents such as CCly, CHCls, CS2, acetone, 
etc, 


6. They are rarely soluble in water. 


Experiment 3-3. Distinguish between 
a electrovalent and a covalent compound. 
This can be accomplished by performing the 
experiment 3:2 with the given compounds. 


Electrovalent componnds ionize’ in solution 
whereas covalent 


example, a solution of common 
precipitate with AgNOg3 solution. This ig 
because AgNO% solution reacts with the Cl- 
ions present in the solution and is precipi- 
tated as AgCI. Another compound contain- 
ing chlorine atom, say carbon tetrachloride 
does not give any precipitate with AgNO3. 
This is because CCl4 does not furnish any ion, 


3-16 THE COORDINATE BOND 


A covalent bond results form the sharing of 
two electrons between the combining atoms, 
Each atom contributes one electron to form 
the shared pair. It is also, however, possible 
to form a covalent tond where both the 
electrons are contributed by one atom. This 
is called a coordinate covalent bond or simply 
coordinate bond. It is illustrated by the 
following examples ; 


Formation of the ammonium ion, The 
formation of NH*4 ion can be portrayed by 
Lewis’ structures (Fig. 3-41). The lone pair of 
electrons on the nitrogen atom is shared with 
H* jon. The atom that supplies the electrons 
(here the nitrogen) is.called the donor atom 
and the atom that accepts the electrons (here 
the H) is called the acceptor atom. The coordi- 
nate bond is shown as an arrow (—->) from 
the donor to the acceptor, 

Other examples of coordinate bond are 
the formation of hydronium ion from water 
and a proton (Fig. 3-42) and the formation 
of deep blue [Cu(NH3)4]2+ ion (obtained by 
adding ammonia to a solution of Cu (IL) ions 


salt gives 


compounds do not For (Fig. 3-43). 
LONE PAIR 
OF ELECTRONS 
H A, H = H T 
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Fig. 3-41. Formation of a Coordinate bond 
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Fig. 3-42. Formation of hydronium ion, H,O+ 
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Tig. 3-45. Formation of the molecular complex, NH3.AICls 


Two or more stable molecules can also 
combine through a coordinate bond to yield a 
molecular complex. For example, nitrogen in 
ammonia can donate its lone pair of electrons 
present in the outer shell to electron deficient 
compounds such as BFs (Fig. 3-44) and AICl3 
(Fig. 3-45). 


Certain compounds like sulphuric acid, 
phosphoric acid, etc. contain both covalent 
and coordinate bonds. 


Exceptions to the octet rule 


Although the octet rule is a very useful 
generalization in describing bonding, there are 
Many substances for which it does not apply, 
We shall give two exceptions here : 


l. Atoms with less than eight 
electrons. When an atom with less than four 
electrons in its valence shell shares them to 
form covalent bonds, it may have less than an 
octet of electrons. Beryllium chloride and 


fe) o boron trifluoride can well illustrate this 
» 1 exception. 

Hose OH Ho — P— OH Beryllium chlotide. Be in BeCl has 
L | oniy two valence electrons and can, therefore, 
fe) OH form a maximum of two ordinary covalent 


SULPHURIC ACIC 


bonds with two Cl atoms. 


Thus the Lewis’ 
structure of BeCle is, > 
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Around Be octet is incomplete; it is 
surrounded by only four electrons. 

Boron trifluoride. When boron unites 
with three fluorine atoms, it forms BF3. The 
Lewis’ structure of the molecule is, 


eo 
F: 
eo oe eo 
>a Mise) aoe 
oo ee 


Boron atom is surrounded by only six elect- 
rons. 


2, Atoms with more than eight 
electrons. When an atom with more than 
four electrons in its valence shall shares them 
to form covalent bonds it may have more than 
eight electrons. For example, when phos- 
phorus unites with five chlorine atoms 
phosphorus pentachloride, PCl5 is formed. The 
Lewis’ structure of the molecule is, 


o0 
cle 


oo 
as 
eo 
eo 
cis 
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Phosphorus atom is surrounded by ten elect- 
rons. 


3-17 POLAR COVALENT BOND 


In a diatomic molecule consisting of the 
same type of atoms, e.g., He, Cle, etc. each 
of the nuclei has the same charge and con- 
sequently attracts the shared pair of electrons 
equally. Hence when two identical atoms are 
covalently bonded to each other, the bond is 
nonpolar. It is called a nonpolar covalent 
bond. 


When a covalent bond joins atoms of two 
different elements, the shared pair of electrons 
is not shared equally. The result of this 
unequal attraction for electrons is that the 
electrons are pulled closer to the atoms of one 
element than the other. For example, in case 
of hydrogen chloride molecule, chlorine atom 
has more affinity for electrons than hydrogen 
atom. Therefore, the pair of electrons is held 
closer to the chlorine atom (H :Cl), This 
means that the H end of the HCl molecule is 
slightly positive (usually indicated by 8+) and 
the Cl end is slightly negative (8-). This is 
illustrated in Fig. 3-46. 


Such covalent bonds formed between dis- 


` similar atoms are polar covalent bonds and 


such molecules are called polar molecules, 


Molecules like CO2, ‘CCl4, etc, are non- 
polar molecules inspite of having dissimilar 
atoms. In CO)O0=C=O), although the in- 
dividual bonds are polar, the polarity of one 
bond cancels the polarity of the other. This is 
because the molecule is linear and the pull 
offered by two oxygen atoms is equal. In CCly, 
chlorine atoms are equidistant from the 
central carbon. The pull exerted by four 
chlorine atoms is equal in all respects, Hence, 
CO2, CCl, and similar other molecules are 
nonpolar in nature, 


Py 5+ ae 
Hescis oR  f8oae OR TE 
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Fig. 3-46, The hydrogen chloride molecule — 
The covalent bond is polar. 


-A A ET a S 


3-1 


3-2 


3-4 


3-5 


3-6 


Ji 


x 


3-8 


3-9 


3-10 


3-11 
3-12 


3-13 


3-14 


KEY TERMS 


Electron. A fundamental subatomic particle of which all matter is composed. 
It carries a negative electrical charge equal to 4:8 x 16-19 esu or 1°6x 10719 


-n of the `of the 


hydrogen atom). Electrons are distributed throughout the extranuclear part of 
the atoms. 


coulomb (1 unit). Its mass is 9'11 X10728 g (about 


Proton. A fundamental subatomic particle of which all atoms are composed. 
It carries a positive charge equal in magnitude to that of the electron. Its 
mass is 1'672 10724 g. Protons are contained in the nucleus of an atom. 


Neutron. A fundamental uncharged subatomic particle of which all atoms 
(except one of the isotopes of hydrogen) are composed. Its mass is approximately 
equal to that of a proton (1'675 x 10-4 g). 


Cathode rays. A stream composed of electrons that move toward the anode 
in a cathode ray tube, They travel in straight lines and possess kinetic energy 
and momentum. 


Canal rays. A stream of positive ions that move toward the cathode inside a 
cathode ray tube. They travel in straight lines and possess kinetic energy and 
momentum, 


Alpha particle (ray). A radiation emitted from some radioactive substances 
and composed of particles having a charge of +2 and roughly four times as 
massive as a proton, An alpha particle is thus actually a helium nucleus (helium 
atom without its electrons i.e. $He®+). They move with high velocity but are 
not very penetrating because of their heavy mass. 


Nucleus. The positively charged region at the centre of an atom occupied by 
protons and neutrons Tt accounts for essentially all of the atom’s mass but for 
only a very small fraction of its volume. 


Nucleons. The nuclear particles, i.e., both neutrons and protons present in an 
atomic nucleus are known as nucleons. 


Atomic number. The number of protons in an atomic nucleus is referred to 
as the atomic number. Thus, an atom with an atomic number of 8 may be 
thought of as containing 8 protons in its nucleus. In a neutral atom, the 
atomic number is also the number of extranuclear electrons in the atom. 


Mass number. The total number of nucleons (protons and neutrons) in an 
atomic nucleus is called mass number. The mass number is always a whole 
integer. The mass number of an atom is its atomic number plus the number 
of neutrons in its nucleus. Not all atoms of an element have the same mass 


number. ~ 
Orbit. The path of the electrons around the nucleus represents orbit. 


Energy level. It refers to the definite quantities of energy allowed in atoms 
depending on the location of electrons. 


Electron configuration. The arrangement of electrons in the orbits of an 
atom is termed electron configuration. 


Isotopes. Atoms that have the same atomic number but different mass 
numbers, i.e., atoms that have the same number of protons but different number 
of neutrons are called isotopes. 
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3-15 Valence electrons. Electrons present in the outermost energy level of an 
atom. Valence electrons take part in chemical bonding and chemical reactions. 


3-16 Chemical bond. The force of attraction that binds the atoms together ina 
molecule is called a chemical bond. 


3-17 Imertmess (of noble gases). The inertness 


of the noble gases is ascribed to 
their stable electronic configuration. 


3-18 Ions. An atom or molecule that carries a Positive or negative charge because 
of loss or gain of electrons. 

3-19 Anion. An ion which carries negative charge. 

3-20 Cation. An ion which carries positive charge. 


3-21 Ionic bond. The electrostatic force of attra 
Opposite charge. It is established by the 
(electropositive) to another (electronegative), 


3-22 Covalent bond. A chemical bond fo 
between two atoms (non-metallic atoms), 


ction that mutually attracts ions of 
transfer of electrons from one atom 


rmed by the sharing of electron pairs 


3-23 Lewis’ structure or formula, A means of displaying ‘a molecule or an ion, 
Here, dots, X’s and empty circles are used to represent electrons. 

3-24 Octet rule. For atoms other than hydrogen in a molecule, the total number 
of shared and unshared electrons should be eight in the outermost shell which 
depicts the stable electronic configuration of the noble gases. 


3-25 Simgle bond. A covalent bond formed by the sharing of one electron pair 
between two atoms, 


3-26 Double bond. A covalent bond formed by the sharing of two electron pairs 
between two atoms. 


3-27 Triple bond. A co 
between two atoms. 


3-28 Coordinate covalent bond. A covalent bond consisting of i hared 
electrons, both given by one of the atoms it joins. E popes 


3-29 Bond larity. A measure of the unequal sharing of electron pai tween 
bonded atoms, so that one end of the bond is negative with ribet tote 


3-30 Polar covalent bond. A bond in which the el i i 2 
t distributed between its two ato: PY charge “anion pens 


ms, 
3-31 Stractural formula. A depiction of a molecule o ion i i 
attached to one another. Dash is used to show the ita aments oh ploms are 


ttachments or linkages, 
UNIT THROUGH EXERCISES 
following e out the wrong statements of the 


valent bond formed by the sharing of three electron pairs 


(ii) orr eadition of neutrons to the nucleus 
C atom would incr 
(f) All atoms af a given element contain number. fake? ae 
me‘humber of protons in their (tii) The i 
1e ‘umber of J i atomic number of 
| ‘Add efectrons outside their accounts for the number of eee 
charges in the nucleus, 


(iv) Isotopes of an element differ in the 
number of neutrons. 


(v) Electrons move in definite energy levels. 
(vi) The reactivity of an atom is determined 
by its electronic configuration. 


(vii) Ionic compounds are formed by the 
transfer of electrons, whereas covalent 
compounds are formed by the sharing 
of electrons. 

(viii) The shared pair of electrons is always 
shared equally in a covalent compound. 


(ix) Octet rule is always helpful in explain- 
ing the structures of various molecules. 


(x) Hydrogen chloride is a polar molecule. 
Ans. Statements (viii) and (ix) are not 
correct. 


3-2 (a) Which of the following electronic 
configurations represent a noble gas, oxygen 
and potassium ? 


(i) 2, 8, (ii) 2,8, 1, (iii) 2, 6, (iv) 2, 8, 
Ans. (i) represents a noble gas. 
(iii) represents oxygen. 

(iv) represents potassium. 


(b) Consider the following table : 


Proton Neutron Electron 
A 18 22 18 
B 17 18 17 
C 7 7i 7 
D 9 10 9 
E 17 20 17 


Choose from the table the letters (A to E) 
that represents (i) a pair of isotopes, (ii) an 
element having a mass number of 19, (iii) an 
atom of a noble gas, and (iv) an element with 
5 electrons in the valence shell. 


Ans, (i) Band E are isotopes. 
(ii) D is an element with mass number 
19. 


(iii) A is a noble gas. 
(iv) Cis an element with 5 electrons in 
the valence shell. 


3-3 (a) What type of bonding would you 
expect in the following sets when two atoms A 
and B with the given electronic structures com- 
bine with each other ? 


(i) A=2, 8, 1 B=2,7 
(ii) 4=2, 8, 8, 2 B=2, 6 
(iii) A=2, £, 7 B=2, 8,7 


Ans. (i) Ionic bonding 
(ii) Ionic bonding 
(iii) Covalent bonding 
(b) In forming a compound XY, atoms 
of X lose one electron each while the atoms of 
Y acquire one electron each. Predict the nature 
of the compound and give its two properties. 
Ans. Compound XY is ionic in nature. Its 
ions are held by strong electrostatic 
forces of attraction. It is soluble in 
water]. 


3-4 (a) Assign electrons in the following : 
(i) M-shell of an atom, 
(ii) Element with 26 protons, 
(iii) Element with atomic number 20, 
and (iv) Sodium. 

Ans. (i) Mis numbered as 3rd shell. On 
the basis of 2n2, M will have 18 elec- 
trons, (ii) 26 electrons, (iii) 20 elec- 
trons, and (iv) 11 electrons. 


(6) Assume that one electron has been 
removed from cach of the atoms : Li, 
Na, K to form Lit, Nat and K+ and 
that one electron has been added to F 
and Ci atoms to form F- and Ci-. 
Give the electronic configurations for 
all these ions. Mention the noble gases 
which can represent these electronic 


configurations, 

Ans. Lit=2, Represents He 
Nat=2, 8 Represents Ne 
K+=2, 8, 8 Represents Ar 
Fr=2, 8 Represents Ne 
Cl-=2, 8, 8 Represents Ar 


(c) Give answers to each in one or two 
words or a sentence, 


(i) What is the number of neutrons in 
an clement whose mass number 
and atomic number are 18 and 7 
respectively ? j 

(ii) If both K and L shells of an atom 
are full, what is the total number 
of electrons contained in them ? 


(iii) What is Ruth ` 3 
model? utherford’s atomic 


(iv) In what way cathode rays are 
different from canal rays ? 


(v) What is nucleus ? 


(vi) Does the atomic number of an 
element change when its atoms 
form ions ? 

(vii) The atomic number of chlorine is 
17. What is the number of elec- 
trons in Cl” ? 


(viii) An element has three electrons in 
the M shell. Whatis the atomic 
number of the element? Name 
the element. 


(ix) Two atomic species say A and B 
have 6 protons each. But A and 
B have 6 and 8 neutrons respec- 
tively. What is the relation bet- 
ween the two ? 


(x) Why is the ratio e/m for positive 
rays different for different gases ? 
Ans. (i) 11 neutrons 
(ii) 10 electrons 


(iii) It consists of a positive nucleus 
around which electrons are revolv- 
ing. 

(iv) Cathode rays are composed of nega- 
tively charged particles (electrons) 
while canal rays are composed of 
positively charged ions. 


(v) The small positively charged central 
part of an atom is called nucleus. 

(vi) Atomic number of an element does 
not change when it forms ions 
because the number of protons 
remains the same. 


(vii) 18 electrons 
(viii) 13 ; Aluminium 


(ix) Istopes of carbon, 12C, 14C 


(x) Positive rays are produced by the 
loss of electrons from gaseous 
atoms, and hence, different gases 
would produce positive rays of 
different masses, and thus of 
different e/m values. 

3-5 (a) Which of the properties of ionic 
compounds given below is not correct ? 


(i) Tonic solids permit the passage of 
ic current. 


(ii) Melt permits the passage of electric 
current. 


(iii) Have high melting and boiling 
points. 
(iv) Soluble in polar solvents. 
Ams. Statement (i) is not correct. 


(6) Which electrons take part in bond 
formation ? 


Ans. Valence electrons present in the outer 
most shell. 
(c) Which of the following pairs do you 
expect to be a polar molecule ? 
(i) CCl4 or HCI 
(ii) CO or COg 
Ans. (i) HCl (if) CO 


(d) Choose the ionic compounds of the 
following compounds : 


(i) Cle, (ii) MgCl, 
(iii) AIFs, (iv) NH, 

(v) COs, (vi) CHa, 
(vii) MgO, (vlii) CaCly, 


Ans. Ionic compounds : (i) MgCle, 
(ili) AIFs, (vii) MgO and (viii) CaCl 
(e) (i) If X and Y have the following 
electronic configurations, how 


many atoms of the element X will 
combine with one atom of ¥ ? 


X=2, 8, 7, Y=2, 4 
(ii) Give the Lewis’ structure of the 
compound. 


(iii) What would be nature of the bond 
formed between ¥ and Y? 


(iv) Name the compound, 


Ans. (i) Four atoms of X will unite wi 
gt mea a ill unite with 


ii 
(ii) So 
exo 
Cry 2 
geg s oo 
o Oe y e 
90 So ° 
e oa 
© 
° 
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(iii) Covalent bond 
(iv) Carbon tetrachloride 


Multiple Choice Questions 
3-6 Put a tick (V) mark against the suitable 
choice : 
(i) Which one of the following descrip- 
tions of cathode rays is not correct ? 
(a) move in a straight line. 
(b) depend upon the nature of gas 
used in a discharge tube. 
(c) cast shadow of the solid object 
placed in their path. 
(d) are deflected towards the positive 
pole of the magnetic field. 
(ii) Isotopes of an element have : 
(a) same number of neutrons. 
(b) same atomic number 
(c) same atomic mass. 
(d) same number of protons. 
(iii) Which of the following arrangements 
of electrons represents aluminium ? 
(a) 2,8, 1 (6) 2, 8,2 
(C) 28593 (d) 2, 8, 4. 
(iv) Which of the following statements is 
not correct for Bohr’s model of atom ? 


(a) The nucleus of an atom is situated 
at its centre. 

(6) The electrons move in circular 
orbits. 


(c) Electrons can jump from one orbit 
to another, 

(d) An electron neither loses nor gains 
energy ia jumping from one orbit 
to another, 


(v) Which of the following statements is 
not correct ? 
(a) The whole mass of an atom is 
concentrated in the nucleus. 
(6) Valence electrons are involved in 
chemical bond formation. 


(c) Atomic number represents the 
Dumber of protons contained in 
the nucleus. 

(d) Both deuterium and tritium con- 
tain 2 protons each. 


(vi) Two atoms A and B with electronic 
configuration 2, 8, 8, 2 and 2, 8, 7 
respectively form a molecule. What 
will be the formula of the molecule ? 
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(a) AB (b) ABs 

(c) AB (d) BA. 
(vii) Which of the following illustrates the 

bonding in Oz ? 

(a) Two electrons are shared. 

(b) Four electrons are shared. 

(c) Electron is transferred. 

(d) Electrons are not shared. 
(viii) A cation is formed : 

(a) by sharing a pair of electron. 

(b) by donating an electron. 

(c) by accepting an electron. 

(d) by accepting a proton. 


(ix) Which of the following electron dot 
structures is not correct ? 


ee H 
e o G 
overs: H oe Ser Cine 
H 2i AO Crete s. ow 
H 
(a) (b) 4 
H 
le 0 
H—N, ——> H2cie 
I eo 
H 
(c) 
ee ee 
Ores Cios TO 
ee oo 
(d) 
(x) Electrovalent compounds conduct 


electricity when dissolved in water 

because : 

(a) their ions are free in solution. 

(b) their ions form aggregates in 

solution. 

(c) the crystal structure persists. 

(d) electrons are supplied by water. 
Ans. (i) (5), (ii) (b), (iii) (e), (iv) (d), 


 (d), (i) (wid Be co 
i Oy Sh BO), cnt G, 


Q 


Q) 


(4) 


(6) 


3 


(b) 


Fill in the blanks in the following : (8) Mutual sharing of electrons between 


The maximum number of electrons in two atoms gives Tise tO neanssaceace bond. 

an energy level is given by the formula (9) A bond in which one atom donates 

Beas z both electrons of the shared pair is 

caled E e hei covalent bond. 

The -scscsssseessse enlo n see charge $ 

of an atom are concentrated in its (10) HF is more polar than HCI, so it 

nucleus. should rae ae eae melting and 
f oi s 

Cathode rays consist Of .............-++ oiling points than HCI 

charged particles while canal rays are ms. 1. 2n? 

SROs. charged. 2. mass, positive 

The neutral atomic particles the; | Í 3, negatively positvely 

are located in the ............... of the 4. neutrons, Chadwick, nucleus 

atoms. 5. sixteen protons 

If a neutral atom contains 16 electrons, 6. ionic, electron 

it will contain ............04 o 7. not equally, polarity 

Ae oes compounds are formed by 8. covalent 

complete transfer of ............... 2 9. coordinate 

In a HCI molecule, the shared pair of 10. higher 

electrons is ............... shared, hence 

a develops in the molecule. 


Match the descriptions in column B with the terms/statements in column 4 : 


Column A Column B 

1. Mass of an atom 1. Nuclei that differ in their masses 

2. Valence electrons 2. Nucleus 

3. Isotopes 3. Formed by sharing of electrons 

4. Electrons 4. Take part in chemical bonding 

5. Atomic number 5. A covalent compound 

6. Mass number 6. Extranuclear region 

7, Tonic compound 7. Ions are held by strong electrostatic 

forces of attraction 

8. Carbon dioxide 8. Number of protons in the nucleus 

9. Covalent compound 9, Number of protons and neutrons in the 
10. Chloroform 10. 


A nonpolar molecule, 


REVIEW QUESTIONS 


(a) What do you understand by the 3-2 (i) A neutral ato 


I ’ m has electronic struc- 
one er? loving as yt myo te 
a Spas 9d ation Gan you can from this infor- 


Give the location, mass and charge of 


(a) the atomic numb 
the three fundamentai particles. er of the element, 


(b) the atomic weight of the element 


m 


(c) the number of valence electrons, 
and 
(d) the name of the element. 

(i) Name the elements that correspond to 
each of the following electronic con- 
figurations : 

Zan 2; 8's 2,9 s 2B O 28g. 

3-3 (a) Write the electronic configurations 
of Li, Naand K. In what ways are 
they similar ? 

(b) Name isotopes of hydrogen, carbon and 
chlorine. Give the different types of 
particles present in them. 

3-4 Complete the following table : 


Element Atomic Protons Neutrons Electrons Mass 


number number 
A 20 — = — 40 
B — 4 = = 9 
C 11 — — = 23 
D — 6 6 = a 
E 17 — 18 = pis 
F I — = = 1 
3-5 From the table given below give the 


following information : 


(i) which item has got metallic nature ? 
(ii) which item represents a metallic ion ? 
(iii) which two items are isotopes ? A 
(iv) which items are non-metallic in 

nature ? 

(v) which item is a non-metallic ion ? 

(vi) which items represent noble gases ? 
(vii) which item represents a hydrogen ion ? 


Item Protons Neutrons Electrons 
A 10 10 10 
B 2 2 2 
Cc 1 0 0 
D 12 12 10 
E 15 16 19 
F à 20 19 
G 17 18 18 
H 15 17 15 


3-6 (a) Write the electronic configurations 
of Li, Na, Mg, Si, Cl and Ca. Will 
these atoms form covalent or ionic 
compounds ? Why ? 

(b) From the electronic configurations of 
the following atoms predict the most 
likely charge the ions will assume : Na, 
F, Al, S, Be and Ar. 


3-9 


3-12 


3-14 


3-18 
(6) 
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(a) Indicate the nature of bonding in 
the following compounds : MgO, CaS, 
NaBr, CHCI, CCl4, HCl, ICI, H20 
and NaOH. 


Also list the polar compounds. 


Draw Lewis’ structures for the follow- 
ing compounds: MgCl, NHs, CaO, 
CHCl3, HeSOq, NaCl. 
What are cathode rays? Describe 
experiments to show their Properties 
and to prove that they are composed 
of electrons. 
Suggest an experiment to prove the 
existence of positively charged Particles 
in the atom. Give four important pro- 
perties of them. 
What is neutron? Give the details of 
the experiment which led to the dis- 
covery of neutron. 
What evidence led us to believe that 
there exists a nucleus in each atom ? 
Explain in detail, 
Describe an experiment which leads us 
to infer that : 
(a) the whole mass of an atom is 
centred in the nucleus of the atom 
and i 
(b) the central part of the atom, i.e., 
the nucleus has all the positively 
charged particles. 
What are the drawbacks of Ruther- 
ford's atomic model? How did Bohr 
improve upon the Rutherford’s atomic 
model ? 
Describe the present concept of an 
atom. How are electrons arranged in 
an atom? Give the salient features of 
the scheme which govern the arrange- 
ment of electrons. 
What are isotopes ? Why do isotopes 
have similar chemical properties ? Give 
three examples. 
There is no electric charge on the atom 
of the ao inspite of the fact that 
every atom has negative 
Particles. Comment.” Wigan 
(a) List the various characteristics of 
ionic and covalent compounds, 
ee ot, pe many electrons are 
involved in the bon i 
Explain. d formation ? 


(a) Differentiate between el ency 
and covalency. DESA \ 


Explain the formation of cations 
anions in electrovalent compounds, a7 


UNIT 4 


Periodic Classification of Elements 


Mendeleey’s periodic law 
Periodic table of elements 


Dimitri Ivanovitch Mendeleev 
(1834 — 1907) 


Learning Objectives 
At the completion of this unit, you should be able to : 
1. Emphasize the need of classifying elements, 
2. Describe the early attempts to classify the elements. 
3. 


Explain what is meant by the term periodicity as applied to the elements 
Describe the criterion of classifying elements adopted by Mend 


: eleey, 
. State the periodic law and understand its significance, 


Sketch the arrangement of groups and periods on the periodic table 


4 
5 

6 

7. Illustrate the position of related groups of elements on the Periodic table 
8. Put forward the modern basis of classifying elements, i 
9 


. Give the merits and demerits of the long form of period; 
improved form of Mendeleey’s periodic table. OF periodic table compared to 


10. Describe the variation in metallic nature, atomic radiys 
> 


and boiling points in the periodic table. density, 


Melling and 
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4-1 INTRODUCTION 


Today 106 elements are known and with 
the steady development of new ways of synthe- 
sising elements this number is bound to 
continue increasing. Their systematic study 
would present quite a formidable problem but 
for the fortunate fact that they could be group- 
ed together in families based on certain 
similarities and regularities in their properties. 


During the 19th century, many elements 
were discovered along with detailed knowledge 
of their physical and chemical properties. The 
elements differed from one another in many of 
their properties. Some were soft and powdry, 
while others were hard and shiny ; some were 
gases and others were liquids at ordinary tem- 
peratures, and soon. It was also found that 
certain elements resembled with one another 
in some respects. The compounds formed by 
element combinations revealed both some 
resemblances and differences among the 
elements. It was found that sodium and 
potassium metals have many similarities in 
their properties (Table 4-1). 


Similarly, alkaline earth metals, Ca, Sr, and 
Ba were found to show a marked resemblance. 
They show a valency of 2. Their oxides, 
hydroxides, carbonates, etc. show bivalency. 
Their oxides react with water to form hydro- 
xides, M(OH)s. Their carbonates are soluble 
in water and on heating give same products, 
i.e., MO+COz. 


Fluorine, chlorine, bromine and iodine were 
found to show similarity in properties to a large 
extent. They are very reactive non-metals 
and exist in the combined state. Under 
normal conditions they exist as diatomic mole- 
cules in which the atoms are held together 
with covalent bonds. All halogens react with 
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hydrogen under different conditions and form 
covalent hydrohalides which are soluble in 
water and produce aqueous solutions known as 
hydrofluoric, hydrochloric, hydrobromic and 
hydroiodic acids. They react with active 
metals like Na, Mg, 2tc., forming halides which 
are electrovalent in nature. They exhibit 


‘univalency in all these compounds. 


Nitrogen and phosphorus ; oxygen and sul- 
phur ; etc. were found to show a significant 
chemical resemblance. Both the nitrogen and 
phosphorus show trivalency (e.g., NH3, PHs) 
and pentavalency (e.g., N205, P20; or P4010) 
in their compounds. Both the oxides (N205 
or P4010) are strongly acidic and on reacting 
with water form acids (HNO 3 and H3PO4). 
Their halides (NX3 and PX3) are covalent in 
nature. Thus, certain similarities and regulari- 
ties do exist among elemental substances, and 
these serve as the basis for a detailed and very 
useful classification of the elements. 


It was from attempts to relate the chemical 
and physical properties of the elements and 
their compounds to their atomic masses that 
the periodic table was born. 


4-2 EARLY ATTEMPTS FOR CLASSIFI- 
CATION OF ELEMENTS 


Elements were, first of all, divided by 
Lavoisier into two groups, (i) metals, and (ii) 
non-metals. Elements with metallic lustre, 
malleability, ductility, good conductivity of 
heat and electricity were identified as metals 
whereas the remaining elements were known as 
pon-metals. This classification did not prove 
to be very useful as some elements, called 
metalloids, exhibited some properties charac- 
teristic of both metals and non-metals. It was 
also attempted to classify the elements on the 
basis of their acidic and basic character. This 
method also proved unsatifactory as no clear 


Table 4-1 
——— aE 
Property Sodium, Na Potassium, K 
ee A ee ae g 
Monovalent Monovalent 


Valency in their compounds 
Reacts 
Na,O (basic) 


Reaction with water 
Naturs of oxides 
Nature of hyd roxides 


Nature of carbonates 


NaOH, a strong alkali 


NaCO; (alkaline), soluble in water 


Reacts 
K,O (basic) 
KOH, a strong alkali 


K,CO, (alkaline), soluble in water 
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distinction could be made. It varied according 
to experimental conditions. 


Following the development of atomic 
theory and the determination of the atomic 
masses (or weights) of a large number of ele- 
ments with a reasonable accuracy, attempts 
were made to find a relationshin between 
atomic weight which seemed to be fundamental, 
and chemical properties. 


In 1815, William Prout suggested that all 
the elements were formed by the simple aggre- 
gation of hydrogen atoms keeping in view that 
all atomic weights were whole number multi- 
ples of the atomic weight of hydrogen. How- 
ever, soon it was found that most of the 
elements possessed fractional atomic weights. 
The hypothesis was, thus not taken seriously. 
But nc sooner had Prout’s proposal been 
abandoned than the attempts of several other 
scientists to order and classify the elements 
appeared. 


(a) Dobereiner’s Triads 


In 1829 J.W. Dobereiner arranged closely 
related elements in groups of three, i.e., triads, 
where the atomic weights of the middle element 
were nearly the arithmetic mean of the other 
two. Some triads are listed in Table 4-2, 


Little attention was paid to this observation 
at that time as some other groups of triads such 
as arsenic, antimony, bismuth and zine, 
cadmium, mercury did not conform to the 
law. 


(b) Newlands’ Law of Octaves 


The next attempt for classifying the elements 
was made by John Newlands (1864), He 
arranged elements according to increasing 
atomic weights, Starting with any given 
element, every eighth element resembled in 


Properties to the first, similar to the repetition 
of musical notes in scales of eight. He called 
this generalization the law of octaves. His 
scheme was somewhat as follows : 
H 
Li Ber 3B) Cc N (0) E 
Na Mg Al Si p S cl 
K Ca Cr Ti Mn Fe 


___ The scheme failed on attempting to extend 
it beyond calcium. Elements beyond calcium 
appeared out of place in Newlands’ scheme, 
This happened because many elements had not 
been discovered at that time and Newlands did 
not provide any blank space for them in his 
scheme. Newlands’ rule did not hold true at 
all. Indeed his ideas met with ridicule from 
other scientists, one of whom Suggested that it 
would be just as valuable to arrange the ele- 
ments in alphabetical order. The importance 
of Newlands’ contribution was finally acknow- 
ledged in 1887, when he was awarded the Davy 
Medal by the Royal Society, 

Mendeleev and others devel 
the idea of Newlands. 
credit for recognizing the periodi 
properties based on increasi 
an idea that formed the basi 
cations of the elements, 


(c) The Periodic Table 


Dimitri I i 
Mendeleev and Julius Lothar M vat aes 


hat time. Almost 
these men published 
lassification, Meyer’s 


Triad 


Mean atomic Weight 
ENE Lithium Sodium Potassium 


Atomic weight 7 23 39 7+39 Žep 

Element Calcium Strontium Barium 28 Ti 

Atomic weight 40 87:6 1374 40+137:4 ae 

Element Chlorine Bromine Iodine E 2m 

Atomic weight 35:5 30 127 = =81-25 

Element Sulphur Selenium Tellurium x 

Atomic weight 32:2 793 129°2 322+129:2 aay 
2 = 


pa ee N 


ATOMIC VOLUME 
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Fig. 4-1. Periodic variation of atomic volume with increasing atomic weight 


Cs 


0 10 20 30 60 70 80 90 aaa 
ATOMIC NUMBER 


Fig, 4-2. Modern version of Lothar Meyer's curve, i.e., periodic variation of atomic volume 


with increasing atomic number 
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their compounds. Their classifications were 
based upon the periodic law, which states that 
if the elements are arranged in order of increas- 
ing atomic weight (or atomic mass), certain sets 
of properties are found to recur (or at a regular 
interval). Since Mendeleev presented his 
arrangement in a detailed fashion, he is gene- 
rally given the main credit for putting forward 
the periodic law. 


(ii) Lothar Meyer’s Scheme. Lothar 
Meyer illustrated periodic recurrence of proper- 


ties by plotting atomic volumes atomic 


Eromi RWEIE EES ) against the atomic 
density 
weights of elements and obtained a curve 
similar to one shown in Fig. 4-1. He pointed 
out that elements occupying similar positions 
on the peaks and troughs in the curve displayed 
periodicity in properties. Fig. 4-2 isa modern 
version of Lothar Meyer’s curve based on 
atomic number. On the basis of his curve, 
Lothar Meyer included 56 elements in his 


volume= 


Periodic table, arranged in groups and sub- 
groups. 


Other properties such as fusibility, vola- 
tility, malleability, brittleness and electro- 
chemical behaviour if plotted against atomic 


weight (or atomic numbers), yield similar 
curves. 


(iii) Mendeleev’s Periodic 
(Table 4-3) Mendeleev, in his 
table (based on Newlands’ scheme) published 
in 1869, listed the elements known at that time 
with related chemical and physical properties 
in horizontal rows and vertical columns or 
groups in order of increasing atomic weights. 
To achieve the objective of bringing similar 
elements into appropriate groups, he left some 
gaps for the elements undiscovered at that 
time. By considering the properties of adjacent 
elements in his periodic table, he predicted 
the properties of some of these undiscovered 
elements that would Occupy these gaps after 
their discovery. Eventually, when these 
elements were discovered, it was amazing to 


Table 
first periodic 


Table 4-3 The periodic table compiled by Mendeleev (1871) 


Group I | Group II |Group II Group IV} Group V Group VI/Grou VII G 
Period | Series RH, RH; RH, RH iioue VIl 
R,O RO R,O; RO, R:0s RO; R,O, RO, 
1 1 H=1 
2 2 JLi=1 Be=94 |B=11 C=12 N=14 O=16 F=19 
3 3 Na=23} Mg=24' Al=273 Si=28 P=31 $=32) Cl=35'5 
4 \K=39 |Ca=40 | 2=44 i=48 = H, = Fe=56 Co=59 
af a Ti=4 V=51 Cr=52 Mn=55 Ni=59 Cu=63 
5 (Cu=63) Zn=65 2=68 27=72 As=75| Se=78 Br=80 
: | Ru=1 = 
k f 6 |Rb=85 |Sr=g7 Y=88 Zr=90 Nb=94 |Mo=96 ?=100 PASIOe Ra 
7 |(Ag=108) Cd=112) In=113| Sn=118| Sb=122 Te=125|  1=127 
í 8 |Cs=133 |Ba=137 La=138 [1Ce=140 |_ A S 
9 = = g 
6 | ) Z| F = g 
10 |— - Er=178 |?=180 Tas 8 
{ al al Os=195 Ir=197 
11 | (Au=199)) Hg=200! TI=204) Pb=207 Bi=208 4 Pt=198 Au=199 
a 12 = we 
| Tl=231 | U=240 
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Table 4-4 A comparison of properties predicted by Mendeleey (1871) with those currently accepted 


for germanium 


Property Predicted | Current 
Colour Dirty grey Greyish-white 
Atomic weight 72 726 
Density (g/cm*) 55 5°35. 
Heating in air EsO, GeO, 
Properties of oxide : 5 ; 
physical state White solid White solid 
density (g/cm?) ve 47 4°703 
Compound formed on chlorination EsCl, GeCk 
Properties of chloride : 
boiling point (°C) below 100 84 
density (g/cm*) 19 a 1'884 
physical state Colourless liquid Colourless liquid 
Action of acids Slight None by HCI or H:SO, 
Action of alkalies Pronounced Dissolved by conc. NaOH 
Preparation EsO,+C -> Es+CO, GeO,+C + CO;+Ge 


find that they fitted correctly in his table. The 
element corresponding to the gap between 
calcium (group II) and titanium (group IV) 
was named by him as eka-boron (because its 
properties should be similar to those of boron). 
The two elements for which gaps remained 
in the table between zinc (group II) and arsenic 
(group V) were called eka-aluminium and eka- 
silicon. During the next fifteen years, when 
these three predicted elements, known as 
scandium (eka-boron), gallium (eka-aluminium) 
and germanium (eka-silicon) were discovered 
their properties compared very well with those 
given by Mendeleey. To show the astonishing 
accuracy of Mendeleev’s predictions, let us 
compare the properties of eka-silicon which he 
predicted in 1871 with those of germanium 
discovered in Germany by C.A. Winkler in 
1886 (Table 4-4). Mendeleev published an 
improved periodic table in 1871 (Table 4-3). 


Important Features of Mendeleev’s 
Periodic Table 


1. The table is divided vertically into 8 
columns known as groups and horizontally 
into rows known as series. (We now call them 
as periods. These are shown in the Table 4-3). 


2. The similarities in the properties of 
the elements within a group are more marked. 
Basically in arranging the elements he con- 
sidered chemical-properties, in particular, the 
ratios in which the elements combine with 
oxygen or hydrogen. To emphasize this he 
put the formula of the group oxide and 


hydride below the group nuzuber in his periodic 
table. 


3. He left some blank spaces in his 
periodic table. Using the properties of the 
element located around the blank positions he 
predicted the properties of some undiscovered 
elements that would occupy the blank spaces 
after their discovery. 


4. The table was helpful in establishing 
the valency (group number of elements corres- 
pond to their valencies) and atomic masses of 
elements. Element beryllium fora long time 
was considered to be an analogue of aluminium 
and its oxide was assumed to have the formula 
BeoO3. Atomic mass of beryllium was know 
to be 13:5 on the basis of its properties, 
Mendeleev had placed it in 2nd group above 
magnesium. So, its oxide must have the 
formuia BeO. On this basis the atomic 
weight of beryllium was found to be nine 
which was confirmed soon after. Its atomic 
weight was corrected later. Thus by placing 
the elements strictly according to the similarity 
in the properties, Mendeleev was able to correct 
certain atomic masses. 


5. Some elements appeared to be out of 
place in the periodic table on the basis of 
accepted values for their atomic weights, ie, 
elements with higher atomic weights preceded 
those with lower atomic weights. Mendeleey 
placed such elements (Te and I; Co and Ni) 
in locations consistent with their properties 
and attributed the apparent reversal of atomic 


Table 4-5. A periodic table based on Mendeleev’s table of 1871. The circles indicate elements not known in 1871. Table gives 
the currently accepted values of atomic weights. Numbers in parentheses are the mass numbers of the most stable isotopes. 
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weights to their incorrect values. Later these 


values were found to be correct. 


The periodic table has been modified, since 
Mendeleev first formulated it, to give an 
improved interpretation of the chemistry 
of the elements. In these improved versions 
of the table, the basic format has been retained, 
which is an indication of its acceptability as a 
basis of discussion of the chemistry of the 
elements. A periodic table based on 
Mendeleev’s 1871 table is shown in Table 4-5 
Each group of the table has been divided into 
two sub-groups ‘A’ and ‘B’. The resemblances 
of the properties of the elements within a sub- 
group are more marked than those between 
members of the two sub-groups. It includes 
elements that had not yet been discovered in 
1871 (shown in O). In the table, under the 
head of zero group, inert gases have been 
placed. These gases could not be foreseen by 
Mendeleev as he did not leave any space for 
them. The first inert gas was discovered in 
1894 b, Lord Rayleigh and Sir William 
Ramsay. 

Defects in the Mendeleev’s Periodic Table 
(1871) and its Improved Versions 


1. Anomalous pairs : Certain elements 
of higher atomic masses preceded those having 
lower atomic masses, e g., Argon (Ar, atomic 
mass 39°9) is placed before potassium (K, 
atomic mass 39'1) ; tellurium (Te, atomic mass 
127:6) comes before iodine (I, atomic mass 
126:9); cobalt (Co, atomic mass 58:9) is 
placed before nickel (Ni, atomic mas 58:7). 


2. Position of isotopes. Isotopes were 
not given separate places even though they had 
different atomic masses. 


3. Similar elements separated, dis- 
similar elements grouped together. 
Some chemically similar elements were placed 
in different groups while some other elements 
which differ sharply from one another in 
properties were grouped together. For 
example, highly active metals like sodium and 
potassium are grouped with copper, silver and 
gold which are far less active. Barium, lead 
and mercury have similar properties but these 
are placed in different groups. 
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4. Position of hydrogen. Hydrogen 
resembles both alkali metals and halogens in 
its properties. Hence it claims ‘wo positions, 
that is, 


(i) NaCl + Nat+Cl- 
HCl > H++cl- 


_Behaves similar to sodium, thus hydrogen 
claims its position in group I 
(ii) NaCl + Nat++Cl- 
NaH —> Nat+H- 


_Behaves similar to chlorine, thus hydrogen 
claims its position in group VII 


But hydrogen had been assigned place in 
group I only. 


4-3 MODERN BASIS OF CLASSIFICATION 


_ The periodic table has been modified from 
time to time since Mendeleev first formulated 
it. Additional elements have been added as 
they were discovered. The very basis upon 
which the periodic table was founded has 
been changed. Mendeleev believed that the 
periodicity was a function of atomic weight. 
Now with the determination of atomic 
numbers by Henry Moseley* (1913), it was 
realized that the atomic number of an element 
is a more fundamental feature than its atomic 
weight and accordingly the periodic law 
advanced by Mendeleev was changed. Thus 
today periodicity is based upon atomic 
number, not atomic weight. Mendeleev could 
not possibly have reached this conclusion since 
the electron and proton were not discovered 
until 1897 and 1902 respectively and atomic 
numbers were not known until 1913. 


The modern periodic law proposed by 
Moseley states that the properties of the ele- 
ments are periodic function of their atomic 
numbers. 

Accordingly, the problem of accommodating 
the isotopes could be satisfactorily solved by 
keeping them in one place only (isotopes have 
the same atomic number). The introduction 
of atomic number also explained certain 
difficulties seen in connection with atomic 
masses in the Mendeleev’s table. The anomaly 
of placing argon before potassium is solved as 


Henry Moseley, in 1913, bombarded some metals witi high speed electrons in a cathode 
was observed that X-rays so produced were characteristic for each element. Moseley further R me 
wavelengths of the characteristic peaks in the X-ray spectra were related to the atomic numbers of the element: J 
He was able to interpret his finding by concluding that the atomic number isa measure of the positive chai Ae 
the atomic nucleus. The atomic number then, becomes a much more fundamental quantity than the atomic 


weight. 
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the atomic number of argon „is 18 and that of 
potassium is 19. The inversions of iodine and 
tellurium ; and nickel and cobalt could also be 
thus explained. 

It has now been realized that the atomic 
number dictates the number of electrons in an 
atom. Electronic structures of the atoms of 
the elements vary periodically with atomic 
number. Thus the periodic recurrence of 
similar electronic configuration leads to a 
periodic recurrence in chemical properties also. 


A more satisfactory statement of the 
periodic law can thus be arrived as given 
below : 

“Since the electronic structures of atoms of 
the elements varies periodically with atomic 
number, all properties dependent on atomic 


structure also tend to vary periodically with 
atomic number,” 


4-4 THE MODERN PERIODIC TABLE— 
THE LONG FORM 


Over the years the periodic table has taken 
a variety of forms. There has been the short 
form, the long form, spiral tables, three dimen- 
sional helical tables and a number of others. 
The periodic table the most commonly accept- 
ed and used today is a version of the long 
form. Classification of elements in the long 
form of periodic table is based on their 
electronic configurations. The elements are 
arranged in the increasing order of atomic 
numbers so that the facts described by the 
Periodic law are efficiently organized. Firstly, 
all those elements that are most similar get 
placed in the same vertical column. Secondly, 
elements get arranged in an orderly manner in 
periods and present the transition from begin- 
ning to end of the period. 


Table 4-6 The long form of periodic table 
A PERIODIC CLASSIFICATION OF THE ELEMENTS 
THE ATOMIC NUMBER IS GIVEN ABOVE THE SYMBOL OF THE ELEMENT 
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The periodic table provides a valuable 
framework for organizing and systematizing 
the study of elements and their compounds. It 
has been found that periodic recurrence of 
similar electron configurations leads to a 
periodic recurrence of chemical properties. In 
other words it can be expressed that the 
chemical as well as physical properties of the 
elements are related to their electronic struc- 
tures. It is not possible to explain all the 
characteristics known of the elements from their 
electronic configurations. However, from this 
classification one can correlate many experimen- 
tally observed properties with electronic con- 
figuration. One can understand the causes of 
periodicity in properties and general trends in 
the behaviour of elements. The salient features 
of the table are illustrated through the Table 
46 In this table, elements have been divided 
into four chief blocks, known as s-block, p- 
block, d-block and f-block on the basis of 
electronic configurations. About this division 
you will study later in higher classes. The 
blocks are also named after the general charac- 
teristics of the elements.. For example, s- and 
p-blocks, the main groups consist of the active 
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73 
metals and non-metals respectively (the p- 
block also contains some metals). The d-block 
is called the ‘transition block’ since its proper- 
ties are intermediate—between those of the two 
main blocks. ‘The f-block elements are describ- 
ed as ‘inner-transition elements’. 


The vertical columns which bring together 
similar elements are called groups or families. 
There are 18 groups. These groups are 
numbered using Roman numerals (i.e., from I 
to VIII), zero and letter (A and B), e.g. IA, 
IIB, etc. 


Sometimes groups are designated by names: 
Group IA elements (excluding H) are called 
the alkali metals; Group IIA elements are 
called the alkaline earth metals; the elements 
of group VIIA are called halogens ; and those 
of Group O are the inert or noble gases (Fig. 
4-3), 


The elements of all the A groups, i.e., from 
TA, ITA...to VIIA and O are collectively called 
the representative elements. The elements in 
the B groups and those in Group VIII are 
called transition elements. In group IIB, 14 
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Fig. 4-3 Different groups of elements 
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extra elements are placed along with lanthanum 
and the same number of extra elements are 
kept with actinium. They are called ‘lanthanides 
and actinides and are classified separately out- 
side the body of the table. They are called 
inner-transition elements. 


The horizontal rows of the table are called 
periods. There are seven periods in all. 
Each period is numbered by the number of the 
outermost energy level of the atoms in which 
the electrons are gradually filled as the atomic 
number increases. For example, the electronic 
configuration of chlorine (2, 8, 7) suggests that 
this is an element from period 3 because the 
outermost shell is numbered 3 (or M). 


Periods are sometimes called short and long 
periods, depending upon the number of ele- 
ments. 

‘The first period consists of H and He and 
is called very short period, 

The second period consists of eight elements 
from Li to Ne. In the third period aiso, there 
are eight elements from Na to Ar. The second 
and third periods are called short periods. 


The fourth and fifth periods have 18 
elements each. They are called long periods. 
These periods also include transition elements, 
The sixth period with 32 elements is called very 
long period. Xt includes 14 rare earth elements 
from atomic number 58 to 71 (lanthanides), 
They all are placed in one box because of 
similar properties. The 7th period is in- 
complete having 26 elements and is also called 
a very long period. It includes elements from 
atomic number 90 to 103 (actinides). Similar to 
lanthanides, they are also placed in one box, 


45 PERIODIC PROPERTIES—THE 
PERIODIC TABLE 


It is a matter of general experience that 
atoms with similar outershell electronic confi- 


guration have similar chemical properties, 
hence, if one can arrange all known atoms in 
some systematic fashion according to their 
electronic structures, periodic recurrence in 
chemical properties would be evident. For 
example, both F and Cl with seven electrons in 
the outermost shell combine with hydrogen and 
sodium to form similar compounds, i.e., HF(g), 
HCl(g), NaF(s), NaCl(s). 

Many characteristic atomic properties 
depend upon electronic configuration/atomic 
number and thus show periodic variation. We 
will now discuss some of these Properties and 
see how this periodic variation takes place 
within the periodic table. 


Gradation of properties of elements in 
groups and periods 


(i) Valency. The electrons Occupying the 
outermost shell are referred to as valence 
electrons, which in turn determine the valency 
of an element. 


The vaiency of an element can be inferred 
from its position in the periodic table. The 
valency of representative elements is usually 
given by periodic group number (G) and/or 
(8-G), For example, elements belonging to 
groups IA, IIA, HTA and IVA exhibit vaiencies 
1, 2,3 and 4 respectively in combination with 
hydrogen. Elements from groups VA, VIA and 
VIIA show trivalency, bivalency and monova- 
lency (8-G) respectively in combination with 
hydrogen and chlorine (Table 4-7). On the 
other hand elements from group IA to VITA 


show valencies 1 to 7 in combination with 
oxygen (Table 4-8). 


~ Transition elements exhibit variable valency 
but ali of them exhibit a common valency of 2. 


Ina group all the member elements show 
the same valency in combining with other 
elements, For example, the formation of HF 


Table 4-7 Valence electrons and valency with respect to hydrogen and chlorine for the first short period elements 

Property Li Be B Cc N oO R 
Group TA IA HIA IVA VA z 

H L 
Valence electrons 1 2 3 4 5 pe a 
Valencey with respect to 
hydrogen and chlorine i 2 3 4 3 2 1 
Examples : 
Hydride LiH BeH, E H) CH, NH, OH, FH 
} . 2Ha, (H:O (HF) 

Chloride LiCl BeCl, BCl, Cel, NCI, oc! : FCI 


<j 


Table 4-8 Valence electrons and valency with respect to oxygen for the second short period elements 


Ee Eee 

Property Na Mg Al Si P S CI 
Group IA IIA HA IVA VA VIA VIIA 
Valence electrons 1 2 3 4 3 6 zj 
Valency with respect to oxygen 1 2 3 4 5 6 Te 
Example : 
Oxide Na,O MgQ Al,O3 SiO, P.O SOs Cl:0, 

(PaO) 


es 


Table 4-9 Formulae of compounds of hydrogen with elements of representative groups 


——— 


Group IA HA HE IVA VA VIA VIIA 
Group valency with 
hydrogen 1 2 3 4 3 2 ih 
mo eee eei a eee 
LIH BeH, ons CH, NHs H,O HEFE 
NaH MgHa AlHs SiH, PH, HS HCI 
KH CaHa Gali, Gel, AH, H:So HBr 
RbH StH, Inh, Sok, SbHs H,Te HI 
CsH BaH, TIH; PbH, BiH, 


— ____ 


from fluorine and hydrogen (one fluorine atom 
combines with one bydrogen atom) enables one 
to predict that chlorine and other group VIIA 
elements also form compounds with hydrogen 
in the atomic ratio of 1:1 (HCI, HBr, HI). 
This relationship is further illustrated in 
Table 4-9. 


(ii) Metallic and non-metallic nature 
of the elements. Metals tend to form 
Positive ions and non-metals tend to form 
negative ions. From this point of view, metal- 
licity and non-metallicity are entirely relative 
and are related to electronic structures. If you 
recall, you will remember that Na, Mg and Al 
can be converted into positively charged ions, 


e.g. 


Na——>Na+ +e- 
Mg——>Mg?++2e7 
Al——Ac8++3e- 


Such elements are called electropositive ele- 
ments. Now if you refer to the periodic table, 
you will see that in going from left to right 
within a period, each successive element has 
one additional electron added to the same shell 
and one additional proton added to the nucleus. 
The result isan increase in electron density. 
The corresponding nuclear charge exerts a 
greater attraction for the electrons, As a result 
of this, valence electrons are pulled more 
effectively by the nucleus, 


Now on comparing the elements from the 
same period, say sodium and magnesium, it is 
concluded that valence electron in sodium is 
less tightly bound than in magnesium. It is, 
therefore, easier to remove an electron from 
sodium than from magnesium. On the basis of 
a similar argument, the elements belon ing to 
the period 3 will lose an electron in the follow 
ing order: Na>Mg>Al > Si > P > S > Cl. 
In other words the electropositive or metallic 
character decreases from Na->Mg—>Al->Si->P 

>i. 


Elements like F, O, N, etc. acquire electrons 
and become negatively charged ions. Such 
elements are called electronegative elements. On 
the basis of logic used earlier there is an overall 
decrease in the size of an atom across a period 
from left to right. In general, as the size 
decreases the atom becomes more compact and 
the effect of nuclear charge becomes more pro- 
nounced. This results into a corresponding 
increase in the ability of the atom to attract an 
electron to itself. Thus, F will have a stronger 
tendency to acquire electron than O and N. 
Therefore, fluorine is more electronegative than 
oxygen and nitrogen. Thus in a period electro- 
negative or non-metallic character gradually 
increases from Li>Be>B>C>N>0>F, 


Elements show an increase in electropositi 
ts sl incr itive 
che acter within a periodic group from top to 
ottom, i 
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With each successive element, the added elec- 
ctrons occupy new energy levels. Despite the 
increased nuclear charge this causes an increase 
in distance of the electrons present in the outer- 
most shell from the nucleus. Thus the addition 
of a new energy level to an atom dominates 
over the effect of increase in the nuclear charge. 
As a result of thic, electrons present at a 
larger distance can be removed easily as com- 
pared to the electrons close to the nucleus. 
This ease of removal of electrons from an 
element makes it more electropositive. Thus, 
for group IA elements the ease of removal of 
an electron increases from Li+Na>K-—Rb-=>Cs, 
i.e , the electropositive character increases from 
lithium to caesium. On the basis of this logic 
one can also explain the transition from non- 
metallic to metallic nature observed in group 
IVA, VA and VIA elements. In group IVA, 
C is a non-metal but Sn and Pb are metals. 
Similarly in group VA, N is a non-metal 
whereas Bi is a metal. In group VIA, oxygen 
and sulphur are non-metals whereas Te is a 
metalloid. Fig 4-4 shows the progressions of 
all the periodic properties just discussed. 


Further support to the trends observed in 
the case of metallic and non-metallic nature of 
elements can be arrived by knowing the nature 
of oxides. Trends in the acid-base character 
of the oxides of s- and p-block elements (repre- 
sentative elements) are shown in Fig. 4-5. 
Electropositive elements form basic oxides 


whereas ithe electronegative elements form 
acidic oxides. 
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Fig. 4-4. 


(iii) Atomic radius (size) of atoms and 
ions, Atoms and ions possess no finite size 
owing to uncertainty in the position of orbiting 
electrons around the nucleus. However, the 
size of an atom can be estimated from its 
atomic radius which is defined as the most 
probable distance from the nucleus to a point 
where the electron density is effectively zero 
(negligible). To measure the atomic radius 
the distance between the nuclei of two adjacent 
atomsin a molecule is determined spectroscopi- 
cally. One half of internuclear distance gives 
the atomic radius for a homonuclear diatomic 
molecule. 


Tonic radius is defined in a similar’ manner, 
being half the distance between the nuclei of 
two nearest neighbours in a close packed 
lattice. Tonic radius may be either bigger or 
smaller than atomic radius depending upon the 
nature of the ion formed from the neutral 
atom. The cation formed by the loss of 
electrons, is smaller than the parent atom, ie., 


Element Atomic radius 

Sodium (Na) Na=1:57Å 

On the other hand, the 
the addition of electrons, 
parent atom, ile., 

Element Atomic radius Ionic radius 

Chlorine (Cl) CIl=0:994 CI-=1:81A 

Multiplicity of the bond and the nature of 


bond also affect the radii of atoms in com- 
pounds. d 


Ionic radius 
Nat+t=0:98A 


anion, formed by 
is bigger than the 
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Some periodic trends increasing in the direction of arrows 
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OXIDES (EXCEPT CO, NO 


N20, Fe20) 


(PARTIAL SHADING EXHIBITS ONE OXIDE AMPHOTERIC 
WHILE THE OTHER IS BASIC. OR ACIDIC) 


Fig. 4-5 (i) Acidic and basic properties of the representative elements 


(ii) Classification of the elements as metals, metalloids and non-metals 
on the basis of acid-base character of their group oxides 
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Fig. 4-6 Trends in atomic radii of the 2nd period elements (atomic radius decreases 
from Li to F) 
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Fig. 4-7 Trends in atomic radii of 3rd period elements (atomic radius 
decreases from Na to Cl) 
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Fig. 4-8- Trends in atomic radii of alkali 
from Li to Cs) 


In general, the size of the atom 
decreases as we Proceed from left 


Na K 


gradually across a period in the 
to right (Figs, 4-4, 4-6 and 4-7). 
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Fig. 4-9 Trends in atomic radii of alkaline earth metals (Atomic radius 
increases from Be to Ba) 


This is because of the'increasing nuclear charge 
while the electrons are added to the same shell. 
Due to an increase in the nuclear charge, the 
electrons are attracted toward the nucleus to a 
great extent and thus atomic radius decreases. 
But the inert gases at the end of periods do not 
follow suit because of their complete valence 


shells. Electrons within the valence shell repel 
one another. Asa result of this, the electron 
cloud expands and thus size increases. 


(Table 4-10 on page 81). 


On the other hand the size of the atom 
generally increases as we move down within a 
group (Figs. 4-4, 4-8 and 4-9 ; Tables 4-11 and 
4-12). This trend is expected as it corresponds 
to the addition of electrons in successive energy 
levels. Although the nuclear charge increases, 
the net effect of additional new energy shell is 
very large and outweighs the contractive effect 
of the increased nuclear charge. 


(iv) Density, melting point and boiling 
point. Elements show periodic variation for 
these properties also. For example, if we con- 
sider the periods of representative elements, 
we observe that densities, (Table 4-10) melting 
and boiling points (Table 4-10) of elements 
increase across the period and reaches a 
Maximum value in the middle of the series. 
It can be realized from Fig. 4-10 that carbon 
(in the middle of second period) and silicon (in 
the middle of third period) have the highest 
melting points in period 2 and 3 respectively. 
Similarly transition elements also attain the 
highest values for these properties in the middle 
of the series. 


A general gradation in these properties is 
also observed in a periodic group. Generally 
densities increase while melting and boiling 
points decrease in moving down the ‘oup. 
(Tables 4-11 and 4-12 ; Figs. 4-11, 4-12 4-13 
and 4-14 on page 81 & 82). è 
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Fig. 4-10 Melting points of the elements versus their atomic numbers 
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Fig. 4-11 Trends in densities of alkali metals 
Table 4-10 Densities, atomic sizes, melting and boiling points of the second and third period elements 
‘able 4- 


; i B € N o F Ne 
cond period Li Be 
naa E a E E A Sigal 
Density, g/cm? (diamond) 
2:22 
(graphite) 

\ Secale 1:23 0'89 08 0°77 0-75 0.74 072 1°54 
Atomic size, A L 454 1550" 22733800632 i i 244 
Meine ae o 1620 2733 2823 4473 172 90 85 272 
Boiling point, —s 

: Al Si P s cl Ar 
i iod Na Mg 
Elements of third per: 0:97 1:75 2:70 2:33 1°82 27 150 = 
Density, g/cm" (white) (rhombic) 

Ke 1:57 1°36 125 117 1-10 1-04 0:99 1:04 
Atomic size, A 371 924 933 1683 313 392 172 84 
Melting ponuk 1165 1380 2740 2628 553 718 2384 87 
Boiling point, 


Table 4-11 Physical properties of alkali metals 


i AS Density 
Alkali in radius, A glen? 
— 3 1:23 0:54 
a i 157 0:97 
Na 19 2:03 0'86 
LY 37 2-16 153 
ii 55 2°35 1°87 


Melting Boiling 
Point, K point, K 
454 1620 
371 1165 
336 1047 
312 961 
302 951 


Table 4-12 Physical properties of halogens 


Atomic , Density 
Sane. radius, A glem’ 
9 0°72 11 
17 0:99 15 
35 114 3.2 


1°33 
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Melting Boiling 
point, K KG 
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266 332 


82 


Aaa 1620 

1200 1165 
= 

1? 
oe 
Eb 
zz 
£ £ 800 
So 
22 
52 
Ww 
Zg 

400 371 


Li Na 


K 


1035 s 
973 \ bag 

336 312 302 

Ab Cs 


Fig. 4-12 Trends in melting and boiling points of alkali metals 
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4-2 


4-3 
4-4 


4-9 


4-10 


4-11 


4-12 


4-13 


4-14 


4-15 


4-16 


4-17 


KEY TERMS 


Periodic table: It is a tabular arran i 
Periodic ta i arrangement of elements on the 
similarities in properties and electronic configurations into groups ae a of 
Periodic law: The properties of the elemenis are iodi i 

o i the periodic function ir 
atomic numbers. On arranging the elements in increasing order ofa 
number, their properties recur at regular intervals. 


Group: A vertical column in the periodic table is called a group. 
Period: A horizontal row in the periodic table is called a period. 


Alkali metals: The group of elements designated as IA i 

iodio table, eg. Li, Na, K,Rband Cs, Ain the modan 
Alkaline earth metals: The group of elements desi i 
modern periodic table, e.g., Be, Mg, Ca, Sr and Ba. gantd es Arinditna 
Noble gases : The members of zero group in the modern periodi 

He, Ne, Ar, Kr, Xe and Rn. They bave eight electrons inthe pie shell 
except helium which has only two electrons. aS 
Halogens: The group of elements designated as VIIA in the mod iodi 
table, e.g., F, Cl, Brand I. They are non-metals and h Sera poe 
baa Be shell ave seven electrons in the 
Representative elements : The elements of groups IA to VIIA i h 

form of periodic table. Their propertics adhere closely to t nee 
on which the periodic table is based. arto Sh roenan progression 


Transition elements: The elements of groups IB to VIIB i 

long form vf periodic table. Their properties do not follow the Parte E the 
sion of the periodic table. Elements of group IIB, i.e., Zn, Cd and H p gres- 
true transition elements. : are not 


Lanthanides: The 14 elements (from atomic number 58 t ; 5 
following lanthanum in the modern periodic table. Their e nediet 
alike and are placed in one box only. quite 
Actinides: The 14 elements (from atomic number 90 to 103) followi 
actinium in the modern periodic table. Their properties are quite simi ollowing 
placed in one box only. pe quite similar and are 
Triads: Itis a group of three elements with similar chemi ; 
Dobereiner classified some elements in triads. emical properties. 
Law of octaves : When the elements are arranged in increasin e 

i i i ighth g order of 
atomic weight, the properties of every eighth element are sii 
first element. This law was given by Newlands. milar to that of the 


Metals (or electropositive elements) : Elements that tend t itive i 
They are good conductors of electricity. They form basic eee pomiva ions 


Non-metals (or electronegative elements): Elements th: 
Non- : at tend È 
tive ions. They are poor conductors of electricity, They form A conte 


Metalloids : The name sometimes given to elements that h i 

ave the intermedia 
properties between those of metals an -met: Ye 
proper d non-metals, They form amphoteric 
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-18 Atomic volume: The volume occupied by one gram atom of an element in 
T tlie: solid state. It is calculated by dividing atomic weight of an element by 


density of that element. 


4-19 Atomic radius: It is the distance from the nucleus to a point where the 
electron density is effectively zero. One half of the internuclear distance gives 
the atomic radius for a homonuclear diatomic molecule. 


UNIT THROUGH EXERCISES 


4-1. Point out the correct statements of 
the following : 
(i) The elements, when arranged in order 
of increasing atomic number, exhibit 
a periodicity in properties. 


(ii) The size of atoms increases in descend- 
ing a group in the periodic table. 


(iii) The clements are arranged in the 
periodic table (long form) in order 
of their increasing atomic masses. 


(iv) From left to right within a period, the 
strength with which the nucleus attracts 
the electrons in the outer energy level 
increases. 


(v) The elements occupying the centre and 
left of the periodic table are classified 
as metals. 

(+i) Mendeleev in his periodic table put 
argon before potassium even though 
the atomic weight of argon is higher 
than that of potassium. 


(vii) Elements having the same atomic 
masses are called isotopes. 


(viii) Isotopes of elements have been assign- 
ed separate place in the long form of 
periodic table. 


(ix) Magnesium is more electropositive than 
sodium. 


(x) Elements with 8 electrons in the outer 
shell are called noble gases. 
Ans. Statements (i), <ii), (iv), (»), (vi) and (x) 
are correct. 


4-2. Give the terms used to express the 
following : 

(a) Vertical columns in a periodic table 

(b) Horizontal rows in a periodic table 


(c) Elements having the same atomic 
number 


(d) Elements which form both acidic and 
basic oxides 

(e) Element having one electron in the 
outer sheli 

( f) Elements toward the upper right of 
the periodic table 


Ans. (a) group, (b) period, (c) isotopes, 
(d) metallcids, (e) alkali metals, and 
(f) non-metals. 

4-3. (a) Using the modern periodic table 
give the two pairs of elements where the atomic 
masses are in the opposite order to the atomic 
numbers. 

(6) Which has the larger radius ? 
(i) Mg or Ca (ii) S or Cl 
(c) Which is more metallic ? 


(i) Na or Mg (ii) C or Si 
Ams. (a) Argon and potassium; cobalt and 
nickel. 
(6) (i) Ca (ii) S (c) (i) Na (ii) Si. 
4-4. (a) Choose the alkali metal, noble 
gas, alkaline earth metal, halogen or transition 
metal of the following elements : 
Sr, K, Xe, Zn, Mn, Fe, He, H, F, E-S 
and C. 
(b) What is the fundamental difference 
between the group A and B elements ? 


Ans. (a) Alkali metal JK; 
Alkaline earth metal : Sr 
Noble gas : Xe, He 
Transition elements : Mn, Zn, Fe, 
Halogen RL 


(b) Group A elements are representative 


elements and group B elements are 
transition elements ? 


45. (a) In terms of electronic configura- 
tion, what the elements of a given period! ai 
group have in common ? 

(6) Which two elements of the fi i 

belong to the same period ? plows 
Al, Si, Be and O 


X = 


(c) Which two elements of the following 
have structural similarity ? 


Na, K, Ne and Ca 


(d) Which of the following electronic 
arrangements represent metals ? 


28: 825°) S45 2, 8, 8 and 2, 8, 1 
Ans. (a) For elements in a period the 
number of shells is equal ; for elements 
in a group the number of electrons in 
the outermost shell is the same 
(b) Aland Si, (c) Na and K 
(d) 2, 8,1 and 2, 8, 8, 2. 


5-6 Multiple Choice Questions 


4-6. Put a (v) mark against the most 
appropriate choice : 
(i) The law of octaves was advanced by 
(b) Dobereiner 


(d) Mendeleev 


(a) Newlands 
(c) Lothar Meyer 
ii) The basis on which Mendeleev con- 
structed his periodic table is : 
(a) atomic number (b) atomic weight 
(c) atomic volume (d) atomic size 
ich of the following elements did 
ca Sh a place in the Mendeleev’s 
original periodic table ? 
(a) Aluminium (6) Silicon 
(c) Zine (d) Germanium 


(iv) Which of the following sets of elements 
do not belong to the same period of 


the periodic table ? 
(a) F, Cl, Br, 
(c) Na, Mg, Ai 

(x) Which of the following sets of clements 


do not belong to the same group of 
the periodic table ? 


(a) Cu, Ag, Au 

(c) Mg, Ca, Sr 
(vi) Which of the following elements is the 

most electronegative ? 

(a) Fluorine (b) Chlorine 

(c) Bromine (d) Iodine 


(b) C, N, O 
(d) P, S, CI 


(b) Li, Na, K 
(d) Al, Si, P 
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(vii) Which of the following describe the 
process of addition of an electron to 
an atom ? 

(a) Electronic configuration 
(b) Atomic size 
(c) Atomic number (d) Valency 

(viii) Which of the following statements con- 
cerning atomic size is correct ? 

(a) Atomic size increases with increase 
of atomic number in a period. 


(6) Atomic size increases with increase 
of atomic number in a group. 
(c) Atomic size is 
atomic number. 
(d) All of the above. 
(i) (a), (ii) (b), (iii) (d), 
(v) (dì, (vi) (a), (vii) (a); 
4-7. Fill in the blanks 
(i) The elements are arranged in the peri- 
odic table in order of their increasing 


independent of 


Ans. 


(iv) (a) 
(viii) (b) 


(ii) The horizontal rows of elements in the 
periodic table are called ............ F 


(ii) The elements in the vertical columns of 
periodic table constitute ............ . 


(iv) The properties of an element are a 
periodic function of its ............ . 


(v) Elements with eight electrons in their 
outermost energy level are called 


(vi) The elzments can be divided into ...... 
blocks according to their 


(vii) The metallic character ............ with 
increase of atomic number in a group. 


(viii) From left to right within a period, the 
strength with which the nucleus attracts 
the electrons in the outer energy level 


Ans. (i) atomic number, (ii) periods, (iii) 
groups, (iv) atomic number, (v) noble 
gases, (vi) four, electronic configura- 


tion, (vii) increases, (viii) increases. 
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4-8 Match the descriptions under column B 


column A. 


Columa A 
(i) Periods 
(ii) Groups 
(iii) Copper 
(iv) Aluminium 
(v) Alkali metals 
(vi) Transition clements 


against the statements/terms given under 


E Column B 
(i) belongs to p-block 
Gi) vertical columns of the periodic table 
(iii) belongs to d-block elements 
(iv) horizontal rows of the Periodic iable 
(v) elements belonging to group IA 
(vi) cements from groups IB to VIIB and 


REVIEW QUESTIONS 


4-1 Which of the alkali metals has 

(a) the largest atomic radius. 
(b) smallest number of electrons per 
atom. 
(c) smallest positive ion ? 
4-2 Predict which ion in each pair is the 
rger : 
(a) Mg?+ or Ca?+, 
(c) CI- or K+, (d) F- or Ci, 
{e) Na or Nat, (f) Br or Br- 

4-3 Describe the early attempts to classify 
the elements leading to Mendeleev’s 
Periodic table. 

4-4 What was the basis on which Men- 
deleev constructed his periodic table ? 
What were the essential features of 
Mendeleev’s periodic table ? 

4-5 State the present day version of the 


periodic table. How does it differ 
from that of Mendeleey’s ? 


(b) K+ or Cat, 


4-6 Write notes on the following : 


(a) Dobereiner’s triads 
(b) Newlands’ octaves 
(c) Lothar Meyer’s curves 
4-7 What significance does the periodic 
table have with regard to the develop- 


ment of theory about the electronic 
structure of the atom ? ; 


4-8 Discuss the trends in atomic sizes of 
elements in the periodic table. 


4-9 Name the four blocks of elements in 


the periodic table. State their charac- 
teristics. 


4-10 (a) Which of the following elements 
belong to p-block ? 
Na, Al, S, Cl, Cu, Mg, C 
(6) Which elements constitute the halo- 


gens, the noble gases and the alka- 
line earth metals ? ; 


UNIT §& 


Chemical Reactions—How Fast and How Far 


Michael Faraday, an English chemist, investi- 
gated the masses of substances produced by 
varying quantities of electricity during the 
electrolysis of solutions. He invented both 
electric motor and electric generator. 


Michael Faraday 
(1791-1861) 


Learning Objectives 
At the completion of this unit, you should be able to: 
1. Define a chemical reaction. 
2. Classify chemical reactions as decomposition, combination, single displacement or 
double displacement reactions. 
3. Define redox reaction with examples. 
4. Define oxidation, reduction, oxidizing agents and reducing agents. 
5. Identify the specific elements involved in oxidation-reduction. 
6. Illustrate the exothermic and endothermic reactions with examples. 
7. Describe the phenomenon of electrolysis. 
8. Define anode and cathode in terms of oxidation and reduction. 
9. Describe the use of electrolysis in electrorefining and electroplating. 
10. Explain the concept of rate of chemical reaction. 
11. List four factors that may affect the rate of chemical reactions, 
12. Define equilibrium in terms of a reversible reaction. 
13. State LeChatelier’s principle. 
14. Predict changes in equilibrium systems due to change in concentration, pressure and 
temperature. 
15. Describe the relative strength of acids and bases in terms of their ionizations, 
16, Calculate hydrogen ion concentrations and pH values of acids and bases, 


(87) 


88 


5-1 INTRODUCTION 


We observe various changes around us. 
Combustion of fuel (domestic fuel gas, wood, 
çoal, etc.) cooking of food, conversion of milk 
into curd, ripening of fruits, rusting of iron, 
dissolution of sugar and salt in water, conver- 
sion of ice into water, evaporation of water, etc, 
are some of the common changes which we 
come across. Some of these are temporary 
changes and others are permanent changes. 
Temporary changes are called physical changes 
while permanent changes are called chemical 
changes. 


The chemical changes are called chemical 
reactions. A chemical reaction transforms one 
or more substances into a different set of 
substances. Combination of hydrogen and 
oxygen to produce water, burning of magne- 
sium in oxygen to form magnesium oxide, 
rusting of iron and reaction between nitrogen 
and hydrogen to form ammonia are chemical 
reactions. The substances that are consumed 
in the reaction are called reactants and those 
that areformed during the course of reaction 
are called products. Since millions of reactions 
are known, it is necessary to classify them in 
one way or the other. The mode in which 
reactants react in chemical reactions forms the 
basis of classification of chemical reactions into 
various categories. 


The present unit deals with types of 
chemical reactions, electron transfer concept of 
oxidation-reduction reactions, phenomenon of 
electrolysis and its applications, the rates of 
chemical reactions and the factors affecting 
rates and equilibrium in chemical reactions. 

TYPES OF REACTIONS AND 

ELECTROLYSIS 
5-2 TYPES OF REACTIONS 
5-2-1 COMBINATION REACTIONS 

Reactions in which two or more reactants 
combine to form one product are called com- 
bination reactions, For example, formation of 
magnesium oxide from magnesium and oxygen 
is a combination reaction. 

2Mg(s)+ O2x(g)>2MgO(s) 

Here two elements combine to form a com- 
pound, Other examples are : 

Ha(g)-+Fa(g) > 2HF(g) 
2Ca(s)+02(g) > 2Ca0(s) 
Zn(s)+S(s) > ZnS(s) 
(s)+O2(g) > COx(g) 


There are reactions in which a compound and 
an element combine and form a new compound, 
For example, 
2502(g)+O2(g) -> 2SO3(g) 
6FeO(s)+Ox(g) > 2FegOa(s) 
CoHa(g)+ Holz) >-CoH¢(g) 


Two compounds can combine and form a new 
compound. For example, 


CaO(s)+ CO2(g) + CaCOa(s) 

HC\(g)-+NHa(g) > NH4C\(s) 

ZnO(s)+H2O0(/) > Zn(OH)s(aq) 
5-2-2 DECOMPOSITION REACTIONS, 


In decomposition reactions, a compound 
decomposes into simpler substances. Heat, 
light, electricity or catalyst is generally used to 
affect these decomposition reactions, For 
example, 


Compounds of two elements will decompose 
to form the two elements. 


A 
2Hg0(s) — > 2Hg(1)+ O(g) 


Catalyst 
CHa(g) ————> C(s)+2Ho(g) 
Electricity 
2H20(/) ——— —> 2He(g)+ Oo(g) 
A compound may decompose into another 


compound plus a third compound or an 
element. 


A 

CaCOs(s) —> CaO(s) +COx(g) 
A 

Mg(OH)2(s) —> MgO(s)+H20(g) 
A 

2KCIO3(s) —-> 2KCI(s)+302(g) 


A 
NH4Cl(s) ——> NHa(g)+HCI(g) 


Experiment 5-1. To demonstrate a 
decomposition reaction. Take about 2:0 
of zinc carbonate in a test tube. Fit the test 
tube with a cork anda delivery tube bent at 
angle as shown in Fig. 5-1, Heat the test tue, 
Zinc carbonate decomposes producing : 


oxide and carbon dioxide, zine 
ZnCOs(s) > ZnO(s)+COa(g) 
Pass carbon dioxide gas thi i 
water for some time. b he eta 


Observe th 
Lime water turns milky. This is das anpe 


formation of insoluble calcium carbonate, 


CO2 gas 


Fig. 5-1. Decomposition of zinc carbonate 
5-2-3 SINGLE DISPLACEMENT REAC- 
TIONS 


In single displacement reactions, an element 
reacts with a compound to displace one of the 
elements in the compound. 


Element-++Compound -> New compound 
+New element 

For example, 

Cu(s)-+-2AgNOs(aq) > Cu(NOs3)2(aq)+2Ag(s) 

Zn(s)-+CuSOa(aq) — ZnSO4(aq)+ Cu(s) 
2Na(s)-++-2H2O(/) + 2NaOH(aq)+He(g) 

In these reactions, the element displaces 
another element froma compound because it 
is more active than the element already 
present. The activity of the metallic elements 
increases downward in a periodic group and 
from right to left ina period in the periodic 
table. About relative activity of metals you 
will learn in detail in your higher classes. 

There is another type of single displacement 
reaction in which a salt and a more active non- 
metal on reacting form a new compound anda 
less active non-metal. 


2KI(aq)+ Cla(e) > Ta(3)+2KCI(a4) 
2NaCl(aq)+Fa(g) > Cla(g)-+2NeF(aq) 

2K 1(aq)+ Bro(g) > To(g)-+2KBr(ag) 
The activity of the non-metallic elements 


increases upwards in a periodic group and from 
left to right in a period in the periodic table. 
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It is possible to predict which elements cam 
replace others in a compound. To make this 
prediction, we use a list of elements called an 
activity series. An element can replace any 
element that appears after it in this series. The 
activity series of the metals (and hydrogen) is : 


—Li-K—Ba—Sr—Ca—Na—Mg—Al-Man 
—Zn—Cr—Fe—Cd—Co—Ni—Sn—Pb— 
H—Cu—Ag—Pd—Hg—Pt—Au> 
In the activity series, hydrogen appears 

after iron, hence, it can be replaced by iron : 

Fe+2HCl —> FeCle+ He 
The halogens also have an activity series : 


X—Fa—Ch— Brh A 


5-2-4 DOUBLE DISPLACEMENT OR 


UBLE DECOMPOSITION 
REACTIONS 


In double displacement reactions, two 
compounds react to forin two new compounds, 
The positive ion of one compound combines 
with the negative ion of the other and vice 
versa. For example, 


AgNOs(aq)+ HCl(aq) > AgCl(s)-+ HNOs(aq) 
In this, reaction, Ag+ ion from AgNO, 
solution combines with Ci- ion from HCI 
solution to form insoluble sait, AgCI. 
Ag*+NOs_+Ht+Cl- > AgCl(s)-+-H++NOs3- 
Some more examples are : 
CuSO4f0q)+ HeS(g) > CaS(s)-+HSOq(aq) 
BaCla(aq)-+-KeSOa(aq) > BaSOa(s)-+2KCKag) 
The reaction between an acid and a base to 
form a salt is also considered a double Gis- 
placement reaction. For example, 
NaOHlaq) + HCi(aq) > NaCi(aq) + HO( 
(Base) (Acid) (Salt) * (wanes 
Table 5-1 summarizes the four major 
of reactions just discussed. The letters ra 


C and D are general symbols for the elements 
involved. 


Table 5-1 Sammary of reactions 
— 
Type Reaction 
Combination A+B+AB 
Decomposition AB+A+B 
Single displacement AB+C+AC+B 
Double displacement AB+CD-+AD-+CB. 
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32-5 REDOX REACTIONS 


Consider a reaction between zinc and 
copper (Il) sulphate in aqueous solution. When 
a small piecc of zinc is placed in a test tube 
containing blue solution of copper (1) sulphate, 
zinc gradually disappears and the solution 
turns colourless (Fig. 5-2). 


BLUE |= 
CuSO4 


SILVERY SOLID COPPER 
zn GRANULES 


COLOUR- 
LESS 
ZnSO« 
SOLUTION 


Fig. 5-2 The oxidation—reduction reaction between 
zinc and copper (H) sulphate 

The reaction may be represented as, 

Zn(s) + CuSOg(aq) > ZnSO4(aq) + Cu(s) 
Zinc Copper Zinc Copper 
sulphate sulphate 
In the above equation, zinc is more electro- 
positive than copper, hence Zn will pass into 
solution as Zn2+ ions. This is represented as, 
Zn(s) > Zn?++2e-. 

Zinc loses two electrons. This process which 
involves the loss of electrons is referred to as 
oxidation half reaction. 

Cu*+ ion from copper sulphate solution will 
be changed into metallic copper. This is repre- 
sented as, 

Cutt++2e- + Cu(s) 

Copper ion gains two electrons. The 
process which involves gain of electrons is 
referred to as reduction half reaction. 

When the two half reactions (oxidation and 
reduction half reactions) are added, the net 
equation obtained is, 


OXIDATION 


This overali reaction in which both oxida- 
tion and reuuction occur simultaneously is 
called oxidation-reduction reaction or more 
briefly ‘redox’ reaction. Zinc loses electrons 
and is therefore oxidized and Cu?+ ion gain 
electrons and is therefore reduced. $ 


F 2e™ ( REDUCTION ) 


Za(s)+Cut+ (aq) —————> Zn (aq) + Cu(s) 


ate: =2e"' (OXIDATION) =! 


Some more examples of redox reactions 


1. The reaction between magnesium and 
oxygen to produce magnesium oxide, 


Ms — 4e7 (OXIDATION) al 


2M9 + O, ———> 2Mg?+ -- 2027 


p + 467 (REDUCTION) ——! 


Here magnesium is oxidized and oxygen is 
reduced. 


2. The combination of sodium and chlorine 
to form sodium chloride. 


m —2e” (OXIDATION) Ba 


2Na + Cle ———> 2Nat + 2CI~ 


L 


+ 2e“ (REDUCTION) 


Here sodium is oxidized and chlorine is 
reduced. 


Zn(s) ———> Zn + 2e | 


REDUCTION Cu? + 2e- ——> Cu(s) j Bee 


Zn(s) + Cu++ ——> Zn% + Cu(s) 
ZING METAL+ COPPER (I!) ION ——> ZINC 'ION + COPPER METAL 


3. The displacement of silver from silver nitrate by adding copper, 


ima = 2e- (OXIDATION) 


Cu(s) $ 


2Ag+ (aq) ——————9__ Cu**(aq) + 24g (s) 


+ 26(REDUCTION) 


Here copper is oxidized and silver ion is reduced. 


Oxidizing and Reducing agents 

In a redox reaction, one substance acts as 
an electron donor. It loses electrons and is 
oxidized. It causes another substance to be 
reduced. An electron donor that causes another 
substance to be reduced is called a reducing 


1. Sodium acts as reducing agent, 


2Na 


+ 2H20 
(REDUCING AGENT, 


REDUCES HYDROGEN ION) 


2. Hydrogen ion acts as oxidizing agent, 


>>. p2iNat 


agent. The substance that gains electrons in 
a redox reaction is an electron acceptor. By 
accepting electrons, it is reduced. The electron 
acceptor causes another substance to be 
oxidized and is called oxidizing agent. For 
example, 


+ he + 20H- 


(REDUCTION) 


[OXIDATION ) 


2Na + 


(OXIDISING AGENT, 
OXIDISES SODIUM) 


3. Iron acts as reducing agent, 


2H20 ———> one + H 


2+ 20H7 


Fe(s) + CuSO: (aq) ——> FeS (eq) + Cu(s) 


(REDUCTION 
(REDUCING AGENT ) 
REDUCES Cu?+) 
* Copper ion acts as oxidizing agent, 
( OXIDATION }. 


Fe (s). + CuSos(aq)-———» Fe60.(eq) 4 Cu(s) 


(OXIDISING AGENT, 
OXIDISES 1ROFy 
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In any redox reaction, the substance being 
oxidized and reduced can be determined by 
the increase and decrease in the oxidation 
number. Oxidation number may be defined 
as the charge (or oxidation state) an element 
appears to have when electrons are counted 
according to two arbitrary rules : 


(a) In a homonuclear molecule, electrons 
are shared equally between the two atoms, e Eo 
in a chlorine molecule, the shared pair of 
electron (CI: Cl) is assigned equally to both 
the atoms and hence the oxidation number of 
chlorine atom is zero. 


(b) Electrons shared between atoms of two 
different elements are assigned to the more 
electronegative element. For example, in 
hydrochloric acid (H : Cl), Cl is more electro- 
negative than H ; the shared pair of electrons 
shifts towards Cl atom, therefore, the oxidation 
number of Ci atom is —1 and that of H atom 

- is +1, In water molecule (H : O : H), the two 
pairs of electrons shift towards O atom (O is 
more electronegative than H atom). The 
oxidation number of O atom is —2 and that 
of H atom is +1. You will learn about oxida- 
tion number in detail in higher classes. 

We can now define oxidation and reduction 
in terms of oxidation number. A process that 
increases the. oxidation number of an element 
algebraically is oxidation For example, 

Na > Nat+e- 
In this the oxidation number of sodium has 
increased from 0 to +1 hence it is oxidation. 


A process that decreases the oxidation 
number of an element algebraically is reduc- 
tion. For example, 

Mg?++2e- > Mg 
Cl+e- -> CI- 

Here the oxidation number of Mg. has 
decreased from +2 to 0 and that of Cl atom 
from 0 to —1. Hence these are reduction 
processes. 


5-2-6 EXOTHERMIC REACTIONS AND 
ENDOTHERMIC REACTIONS 


A reaction which proceeds with the evolu- 
tiou of heat is referred to as an exothermic 
reaction aud the one in which heat is absorbed 
is called endothermic reaction. The heat change 
in a chemical reaction is indicated by including 
the word ‘heat’ in the equation. 

2Mig(s)+O2(g) > 2MgO(s)-+heat 


13-1) 
2HgO(s) > 2Hg(I)+Oa(g)— heat 


v+.(5-2) 


Equation (5-1) represents an exothermic 
reaction, 


Equation (5-2) represents an endothermic 
reaction. 


We are interested not only in the direction 
of the heat change in a reaction: but also in the 
amount of heat absorbed or evolved. The 
amount of heat change varies widely from one 
reaction to another. When one mole of nitro- 
gen combines with 3 moles of hydrogen to 
form 2 moles of ammonia, 92 kJ of heat is 
evolved. This may be expressed by writing, 


No(g)+3Ho(g) + 2NHa(g)-+92kJ 


Similarly, we can explain the formation of 
nitrogen oxide, NO which is an endothermic 
reaction between nitrogen and oxygen. 


Na(g)+O2(g) > 2NO(g)— 180°5 ky 


The atoms in a molecule or a compound 
are held together by chemical bonds. When 
a chemical reaction takes Place, chemical bonds 
between atoms of the reactant are brcken and 
new bonds are formed between atoms of the 
products formed. In the bond breaking energy 


is required and in the bond formation energy 
is released, 


If the energy required in bond breaking of 
the Teactants is less than the energy released 
in bond formation of the products, the reaction 
is exothermic. For example, in the Teaction, 


No(g)+3He(g) > 2NHa(g) + 92 kJ 


the energy required to break three (H+ 
bonds and one (N=N) bond is less than ain 
released in the formation of three (N—H) 
covalent bonds in NH3 (for two molecules of 
NH3) by an amount of 92 kJ. Hence, formation 
of ammonia by the combination of nitroge 
and hydrogen is an exothermic reaction oy 
If the energy fequired in bond b i 

the Teactants 1s greater than the ety cies 
in bond formation of the Products, the Teacti 

is endothermic, For example, in the reaction, is 
Na(g)+ O2(¢) > 2NO(g)— 180:5 kJ 


the energy required to break 
(O=0) bond is greater N 
the formation of nitrogen-oxy 
two molecules of NO b 

Hence formation of 
combination of nitrogen 
thermic reaction, In ad 


=N) bond and 
ergy released in 
gen bonds for 
y an amount of 180:5 KJ. 

oxide by the 
and oxygen is an e 
dition to these chemical 


feactions, there are many physical processes 
which are exothermic and endothermic in 
nature. 

When potassium nitrate is dissolved in 
water, cooling effect is felt. This is an endo- 
thermic process. When sodium hydroxide is 
dissolved in water, heating effect is felt. This 
is an exothermic process. 

KNOa(s)+ aq > KNOs3(aq) — heat 
NaOH(s)--aq > NaOH(ag)+heat 


Evaporation or boiling of water, fusion or 
melting of ice are endothermic processes. Dur- 
ing these processes, the absorbed heat energy 
is utilized in overcoming strong attractive 
forces (intermolecular forces) between water 
molecules. The reverse processes, crystallization 
and condensation are exothermic and release 
energy. 


5-3 ELECTROLYSIS 

Electricity involves flow of electrons through 
metals and movement of ions through solutions. 
Some substances dissolve in water and split 
into ions, These substances are called electro- 
Iytes. Ions are charged particles and possess 
certain electrical properties. The positively 
charged ions are known as cations and nega- 
tively charged ions are known as anions. We 
have already discussed in Unit 1 that when 
electricity is passed through water, oxygen is 
liberated at one electrode and hydrogen at the 
other. Similarly when electric current is passed 
through an acidified solution of copper (1) 
chloride, CuCle, copper ions (Cu?t) are 


attracted towards one electrode (cathode) and 
BATTERY 


SWITCII 


ELECTROLYTE 


CATIONS 


ANIONS 


An electrolytic cell. Electrolysis of 


Fig. 5-3. i 
a cupric chloride solution 
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chloride ions (CI-) are attracted towards the 
other (@node). The process in which a chemi- 
cal change is caused by passing an electric 
current through an electrolyte is known as 
electrolysis. The cell in which electrolysis is 
carried out is known as an electrolytic cell, 
The reactions that occur at the electrodes are 
oxidation-reduction reactions.I n the electrolysis 
of CuClz(aq) (Fig. 5-3), copper deposits at the 
cathode because the Cu*+ ions attract electrons 
and are reduced. 


At the cathode : 
Cu®+-+2e- > Cu(s) (Reduction) 


Simultaneously, the chloride ions move 
towards anode where two chloride ions lose 
two electrons and thereby are oxidized forming 
a molecule of Clo(g). 


At the anode : 
2CI- + Ch(g)+2e- (Oxidation) 
les mer equations of an oxidation-reduction 
obtained by adding the bennett ee ee 
Cathodic reaction : Cu®++-2e~ + Cu(s) 
Anodic reaction’: 2C + Clo(g)++-2e7 


The net equation : 
Cu2++2Cl- > Cle(g)+Cu(s) 


In the electrolysis of molten sodi 
chloride, sodium metal and chlori ze 
eee Tine gas are 


At the cathode: 2Na++2e- + 2Na(s) 
(Reduction) 

2Cl- + Ch(g)+2e- 
(Oxidation) 


At the anode : 


The net equation : 
2Nat+2Cl->2Na(s)+Cle(g) 


3-3-1 APPLICATIONS OF 
Tver ELECTRO- 


Electrolysis is used in the producti 
certain metals and non-metals, P rieanon of 
metals and in electroplating. 


1, Production of metals and 
Sere = $ 
metals Aluminium oxide from bauxite 
(Al203.2H20) ore is dissolved in the molten 
mineral cryolite (NagAIFe). The melt is sub- 
jected to electrolysis to form aluminium metal. 
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is is carried out in an iron tank?twith 
Eero lining which serves as the cathode, 
The arodes are carbon rods dipping in the 
fused electrolyte (Fig 5-4). During electrolysis 
the following reactions take place : 
GRAPHITE 


LINING 
CARBON ANODES + _ 


IRON TANK 


MOLTEN 
AlzO3 + 
CRYOLITE 


Jann A 


SCLLTABETLILEDFBOES EFI Ts 


MOLTEN 
ALUMINIUM 


Fig. 5-4. Electrolytic preparaticn of 
aluminium. 


At the cathode : Al8+4+3e- + Al(s) 
At the anode : 202- + O.+-4e- 
A part of oxygen escapes and rest of it 


oxidizes the carbon anodes, which are slowly 
erroded. 


C-+03 -> CO3 
Magnesium chloride is melted and subjected 
to electrolysis to give magnesium metal. 
At the cathode : Mg2++-2e- -> Mg(s) 
At the anode ; 2CI- + Clo(g)+2e- 


The electrolysis of water gives hydrogen and 
oxygen gases, 


2. Purification of metals: Electrolysis 
is used to purify metals. The Process is known 
as electrorefining. Copper is electrorefined 
(Fig. 5-5) by making blister copper (impure 
copper) as anode and pure copper metal as 


When 
electric current is passed, the Cu2+ ions from 
the solution move towards cathode and are 


deposited there. Cu from the anode goes into : 


Cu(s) -> Cu®*(ag)4-2e- (At the anode) 
Cu?+(aq}+2e- + Cu(s) (At the cathode) 
This process is continued for several hours, 


During the process cathode increases in size 
anode decreases in size. Very pure copper 
is produced at the cathode and sludge remains 


IMPURE 
COPPER 
ANODE 


PURE COPPER 
CATHODE 


ANODE. MUD ELECTROLYTE 
(SLUDGE) (ACIDIFIED CuSO4 SOLUTION) 


Fig. 5-5. Electrorefining of copper 


at the anode. Metals like tin, aluminium, zinc 
silver, etc, are refined electrolytically, 


3. Electroplating. In electroplating a 
uniform layer of a metal is formed on the 
surface of an object. As shown in Fig. 5-6, 
the object to be electroplated is made cathods 
in the electrolytic cell and the plating metal is 
made anode. The electrolyte is a soluble plat- 
ing metal salt. In the electroplating of silver 
on utensils, soluble silver salt is taken as the 
electrolyte. The electrode reactions are : 


At the cathode : 
Agte- -> Ag deposited on utensil 
At the anode : 

Ag —> Agt+te- 
SWITCH 


=] ELECTROPLATED 
== =| (CATHODE) 


ELECTROLYTE 
NaAg (CN)2 


Fig. 5-6, Electroplating of silver 


Metals like gold chromium, nickel lati 
; ; » platinum, 
etc. can be electroplated on the surfaces of iron 


A 


(steel) and copper. The electroplated objects 
resist corrosion. They can be used for decora- 
tive purposes. 
WORK EXERCISES 

1. What is a chemical reaction ? 

2, (a) Name the various types of chemical 
reactions. 

(b) Name the types of reactions with which 
the following equations are associated : 

i) Alo(SO4)3+6NaOH — 2Al(OH)3 
(i) Alg(SO4)s PSOL 
(ii) SO3+H20 > H2804 
(iii) 3Ca+2HsPO4 > Cag(PO4)2+3He 


Catalyst 
(iv) CeHi20e  —> 2C2H50H-+-2COe 
3. Complete the following equations : 
(i) CuCle+Zn > ? Single displacement 

(ii) Hp+Clz > ? Combination 

(iii) HBr+-KOH = ? Double displacement 

4. (a) How does oxidation differ from 
reduction ? 

(b) Identify the following changs as oxida- 
tion or reduction : 

(a) Zn?+ — Zn 

(b) 2Br~- > Bra 

(c) Sn®+ —> Sn4* 

5. (a) What is a redox reaction ? 

(b) Identify the oxidizing and reducing 
agents in the following reactions : 

(i) CuO+He +> Cu+H20 

(ii) SO2+2H2S > 2H,0+38 

6. (a) Give an example of exothermic 
reaction. 


b) When ammonium chloride is dissolved 
in lee cooling is produced. Name the type 
oi the process. 


7. (a) What is electrolyis ? 

(b) Name three applications of electrolysis. 

(c) Name one metal and one non-metal 
which are produced by electrolysis. 

8. (a) State the working of the object to 
be electroplated in the electrolytic cell. 

(b) State the working of the object to be 
electrorefined in the electrolytic cell. 
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9. (a) What is an electrolyte ? 

(b) What is an electrolytic cell ? 

10. Complete the following equations : 
(a) At cathode: Zn2++2e- + ? 

(b) Atanode : Zn—? > Zn2+ 


RATES OF CHEMICAL REACTION 
AND EQUILIBRIUM 


5-4. UNDERSTANDING OF RATE OF 
CHEMICAL REACTION 


When a solution of silver nitrate is added 
to a sodium chloride solution, a white preci- 
pitate is immediately formed : 


AgNOs(aq)+ NaCl(aq) > AgCl(s)+NaNOs(aq) 
(White ppt.) 


Thus, the reaction between silver nitrate 
(AgNOs) and sodium chloride (NaCl) takes 
place very quickly or instantaneously. 

Hydrolysis of ethyl acetate in the presence 
of mineral acid takes place in minutes. 


Acid 
CHsCOOC2H;(/)+H20(/) ——> 
CHCOOH + C2H50H(1) 
Acetic Acid Ethyl alcohol 
This is a slow reaction. Another example of 
such a reaction is the decomposition of hydro- 
gen peroxide. 


H202(1) > H20(1)+402(g) 


Iron nails when exposed to air and moisture 
get rusted. This process takes many days, In 
this process, a brown hydrated ferric oxide is 
formed on the surface of iron nails, 


2Fe+ł0:+xH20 > Fe203.xH20 
Rust 


Another example of a very slow reaction is 
the formation of carbon dioxide when lumps of 
graphite are exposed to air, 


C(graphite)+O2(g) + CO2(g) 
This reaction takes many months/years. 


We have seen that different reactions occur 
with different speeds. In every reaction, the 
concentration of reactants decreases and the 
concentration of products increases with time. 
The spzed at which a reaction takes place can 
Ds expressed as the rate of the reaction. The 
tate ofa chemical reaction is defined as the 
change in concentration of reactants or pro- 
ducts per unit time. 


Rate of reaction Change in concentration 
Time taken 
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For example, & reactant with concentration 
4-0 moles/litre decomposes into products. After 
10 minutes its concentration is measured to be 
2:4 moles/litre. The rate of the decomposition 
reaction is given by 


0—24 les per litre 
Rate eed es per itel 


10 minutes 
1:6 pokes T 
SN mol litre? min 


=0:16 mol litre“! min“ 


The rate of a chemical reaction can be 
measured without disturbing the reaction itself. 
For example, the changing concentration of 
reactant or product with time may be deter- 
mined by watching the changing colour 
intensity of the solution (if the products and 
reactants differ in colour) and by measuring the 
volume of the gas at different intervals of time 
(if a gas is liberated from solution). Thus we 
get the idea of rate of reaction. 


In the reaction, 
NaOH(aq)+-HCl(aq) > NaCi(aq)+H2O0(aq) 


all the reactants and products are in the same 
phase. This is called a homogeneous reaction. 
In a heterogeneous reaction the reactants and 
products are in different phases. For example, 


CaCOa(s) > CaO(s)+CO2(g) 


Here CaCO and CaO are two solid phases 
and CO% is a gaseous phase. 


5-5. FACTORS AFFECTING THE RATE 
OF A REACTION 


The rate of a reaction depends upon several 
factors. Since a reaction involves the breaking 
and forming of chemical bonds, the reacting 
particles must collide with each other, i.e., for 
a reaction to proceed, the atoms or mole- 
cules that compose the reactants, must collide 
with each other during their movement, 
Therefore, the rate of a reaction depends 
upon the number of collisions between the 
molecules of reactant. But mere collision of 
molecules is insufficieat to cause a chemical 
reaction. Collisions between the slower parti 
cles are ineffective, i e., they do not result 
the breaking of old (reactant) bonds and the 
formation of new (product) bonds. Only the 
more energetic particles may undergo effective 
collisions, i.e , those that result in a chemical 
change. We shail now discuss some of the 


factors which increase effective collision’ 
among molecules of the reactants. 


5-5-1. NATURE OF REACTANTS 


A match stick burns instantaneously whereas 
a piece of charcoal takes time to burn. Phos- 
phorus and sulphur combine with oxygen in 
the air to form oxides. 


4P+502 > 2P205 
S-+0z —> SOQ, 


Phosphorus burns vigorously in air. Sulphur 
is first ignited then only burns in air. The 
difference in the readiness of their reactions 
must be due to difference in the arrangements 
of the atoms of the two elements {P and S) and 
the nature of bonds between them 


Nature of chemical bonds between the 
constituent elements of reactants also decide 
the rate of a reaction. 


25° 


Ca(g)+402 + No reaction 


O; 
Cc 
NO(g)+102 > + NOa(g), Very fast reaction 


Sodium metal if placed in moist air, will burn 
immediately. {ron will rust slowly in moist air, 


5-5-2, CONCENTRATION OF 
REACTANTS 


Substances burn much more rapidly in pure 
oxygen than in air. Zinc reacts with hydro- 
chloric acid with the evolution of hydrogen gas, 
The reaction becomes faster in increasing the 
concentration of hydrochloric acid. Increasing 
the concentration of any one or all of the 
Teactants increases the number of molecular 
collisions. In other words the probability of a 
reaction increases as the number of reacting 
particles per unit volume increases. Increased 
Teactant concentration results in increased reac- 
tion rate. 


_ Experiment 5-1. Take one gram marble 
chips in one test tube and two gram marble 
chips in the second test tube. Add dilute 
hydrochloric acid in the first test tube and 
coucentrated hydrochloric acid in the second 
test tube (Fig. 5.7). Reaction starts with the 
evolution of carbon dioxide gas. We shall 
observe that carbon dioxide gas will be evolved 
more rapidly from the second test tube which 
contains higher concentration of reactants. 


CHIPS 


Fig. 5.7. Effect of concentration of reactants 
on rate of reaction 


5-5-3. EFFECT OF TEMPERATURE 


An increase in temperature rpp inan in- 
i i tion 
crease in reaction rate. The rate of a reac 
is approximately doubled for each 10°C 
increase in temperature. Calcium carbonate 
on heating decomposes into calcium oxide and 
carbon dioxide gas. 


A 
CaCOa(s) > CaO(s)+CO2(g) 


Carbon dioxide is evolved more rapidly if 
CaCOsz is heated at a higher temperature. 


When acidified solution of potassium per- 
manganate is added to cold oxalic acid solution 
no appreciable reaction is observed, KMnO 
imparts its own colour to the solution. But 
if this solution is heated, the purple colour 
disappears quickly. In this reaction, KMnO4 
oxidizes oxalic acid and itself reduced from 
Mn? to Mn?+, 


S04+5(C00H) > 
2KMn0,-+3Ha504 ‘Goalie aera 


rermangandte (Colourless) 

Purple 

Si ) kaS04+2MnS04+8H20+10C02 
Manganese 
sulphate 
(Colourless) 


5-5-4 FECT OF CATALYST 
Mees ubstance that changes the 


stisa sS z 
A e ee without itself undergoing any 


ST 


permanent change ir the process. Potassium 
chlorate (KCIO3) on heating does not produce 
oxygen. Buta mixture of manganese dioxide 
and potassium chlorate on heating produces 
oxygen. 


4 
KCIO3(s) > no reaction 


A 
2KCIlOs(s)— ————— > 2KCi(s)+30a(g) 
MnQOzg (catalyst) 


Here MnO» acts as a catalyst and increases 
the rate of reaction. The quantity of manga- 
nese dioxide was found unchanged after the 
process. 


Vanadium pentoxide (V205) is used as a 
catalyst in the manufacture of sulphuric acid. 
Iron is used asa catalystin the manufacture 
of ammonia by Haber’s process. Nickel is used 
in the manufacture of vanaspati ghee. Catalysts 
which act in human body are called ‘enzymes’, 


5-6. CHEMICAL EQUILIBRIUM 


A gaseous mixture of hydrogen and iodine, 
in a closed vessel, will react to form hydrogen 
iodide at 713K: 


Ho(g)+Ie(g) > 2HI(g) (1) 


Pure hydrogen iodide at the same temperature 
would have decomposed to give hydrogen and, 
iodine : 

2HI(g) > Ha(g)+In(g) (2) 


Now, the HI is formed in reaction {1} by 
the combination of Hə and Iz. The HI is 
decomposed in reaction (2) into H3 and Iz at 
the same temperature. Thus, ina mixture of 
the three gases Ho, Ip and HI, both reaction (1) 
and (2) will take place. This fact is expressed 
by saying that reaction (1) or (2) is reversible. 
Reaction (1) and (2) can be written in a 
combined form by introducing a sign of double 
arrow (=) 

Ho(g)-+Io(e) =2H1(g) 
or 2HiI(g)=He(g)+-Ia(g) 


Whatever appears on the left hand side of 
the equation is called a ‘reactant’ and whatever 
appears on the right hand side of the equation 
is called a ‘product’. A reaction is said to go 
forward when it goes from left to right. Sign 
(—) indicates forward direction. A reaction is 
said to go in ‘backward’ or in ‘reverse’ direction 
when it goes from right to left. Sign (—) indi 
cates backward or reverse reaction. 
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The rate of a reaction increases as the 
concentration of the reactants increases and it 
decreases as the concentration of reactants de- 
creases. If reaction (1) is occurring the concen- 
tration of each Hə and Ís will decrease and that 
of HI increases. After some time the hydrogen 
jodide also start decomposing to give back 
hydrogen and iodine i.e., reaction (2). The rate 
of reaction (1) slows down, while rising con- 
centration of HI speeds up the rate of backward 
reaction. Conversely if reaction (2) is occurring 
decrease in concentration of HI will slow down 
the rate of reaction (2), and increase in con- 
centration of each Hz and Is will speed up the 
backward reaction. A state of ezuilibrium will 
eventually be reached when the forward and the 
reverse reactions are occurring at the same rate. 
This type of equilibrium that exists between 
opposing chemical reactions is called chemical 
equilibrium. Since the conyersion of reactants 
into products and of products into reactants 
continues even after equilibrium is attained the 
equilibrium is also called dynamic equilibrium. 
There will be no further net change in the 
composition of the reaction mixture unless 
some external disturbance is imposed. When 
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H2+!2 = 2HI 


PERCENT OF HI 


ò 20 40 60 80 
TIME (IN MINUTES) 


Fig. 5-8 Experimental data on the reaction 
Hlg) +1.(g) 2H at 713 K 


a reaction reaches equilibrium,- the final 
amounts of reactants and products need not be 
equal. Thus, equilibrium means that only the 
rates of reactant formation and product forma- 
tion are the same. 


Figure 5.8 shows how the reaction 
Ha+le=2HI approaches equilibrium. The 
horizontal axis represents the time in minutes. 
The vertical axis represents composition of the 
reaction mixture. If we start at the bottom 
with Hə-+ Ia, the amount of HI formed increases 
rapidly in the first instance and then decreases 
slowly approaching a value around 78%. If we 
start at the top with pure HI, the same equili- 
brium state is reached. Now, the rate of for- 
ward reaction is equal to the rate of bac, ward 
reaction. 

An equilibrium constant, K, is associated 
with every reversible reaction that reads equi- 
librium. The equilibrium constant is equal to 
the ratio of the equilibrium concentrations of 
the products over the equilibrium concentra- 
tions of the reactants. This ratio is always the 
same for a particular reaction at a given 
temperature. For the general reaction, 

aA+bB=cC+dD 


where A and B are reactants, C and D are pro- 
ducts, and a, b, c and dare coefficients in the 
balanced equation. The equilibrium constant 
is given by the following expression : 
_ ICF [Dit 
TA}? (By) 
Square brackets indicate concentrations of 
reactants and the products in moles/litre. Thus, 
for the synthesis of ammonia, No +3Hy=2NHs, 
the equilibrium constant expression is : 
INB. 
[Nea] [H2]? 
5-6 LE-CHATELIER’S PRINCIPLE 
There are three main factors w 
the state of equilibrium, These a 


tion, temperature and pressure. 
not affect the com 


hich change 
re concentra- 
Catalysts do 
) position of equilibrium 
mixture. A catalyst only changes the rate of 
a reaction. Equilibrium is attained quickly in 
the presence of a catalyst. 

The French chemist, 
Chatelier (1850-1926 
governing equilibriu 


Henry Louis Le 
) formulated a principle 
m. Le-Chatelier’s principle 
states that when a change is made in the con- 
centration, temperature or pressure of an 
equilibrium mixture, the equilibrium shifts in 
direction that tends to oppose the change. 


Now we shall discuss the effect of these 
factors on equilibrium state of a reaction. 


5-6-1 EFFECT OF CHANGE OF CON- 
CENTRATION 


Consider the following equilibrium 
No(g)-+3He(g)=2NHa(g) 


Suppose some Hə is added to the equili- 
brium, the equilibrium will shift towards right. 
Similarly, addition of Ne causes a shift to the 
right, and addition af NHg causes a shift to the 
left. The general rule is that increase in the con- 
centration of one substance in an equilibrium 
mixture displaces the equilibrium in that direc- 
tion which consumes some of the added 
material. Decrease in the concentration of a 
substance causes the production of more and 
more of that substance. This property is 
utilized in chemical industries to get better 
yield, 


5-6-2 EFFECT OF CHANGE IN TEMPE- 
RATURE 


Consider the following reaction at equili- 

brium, 
Exothermic 
No(g)-+3Ho(g) =  2NHa(g)+92kJ 
Endothermic 

The forward reaction is exothermic and the 
backward reaction is endothermic. In apply- 
ing Le-Chatelier’s principle to predict the 
effect of change in temperature on the equili- 
brium, the general rule is, increase in the 
temperature causes reaction to occur in that 
direction which results in absorbtion of heat, 
and decrease in the temperature causes reactiou 
to occur in the direction which results in the 
evolution of heat. Therefore, decrease of tempe- 
rature in the above reaction shifts equilibrium 
towards right, ie. favours formation of 
ammonia. 

Similarly, in reaction 

No(g)-+ Oo(g) => 2NO(g)— 180° kJ 

if temperature is increased the forward 
reaction is favoured. Now we conclude that 
formation of ammonia is favoured at low 
temperature, and formation of nitric oxide is 


favoured at high temperature. 
Favoured by Favoured by 


Forward Reverse a 
reaction reaction increased decreased 
3 temperature temperature 
1. exothermic endothermic reverse forward 
forward reverse 


2. endothermic exothermic 
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5-6-3 EFFECT OF CHANGE IN PRES- 
SURE 


The rule is that increase in the presssure on 
the reaction in equilibrium favours that reaction 
which produces less moles of gas. For example, 
the combination of sulphur dioxide and oxygen 
to give sulphur trioxide 

28O02(g)+Oa(g) = 2SOa(g) 


——~-——Y Sa 


2+1=3 moles 


is accompanied by a decrease in number of 
moles. According to Le-Chatelier’s principle, 
therefore, a high pressure would give a better 
yield of sulphur trioxide. Similarly, the forma- 
tion of ammonia 

No(g)+-3Ha(g) = 2NH3(g) 


ee SY ———— 


1+3=4 moles 2 moles 


is accompanied by a decrease in the number of 
moles. If the pressure is increased volume will 
decrease. Thus, increasé in production of 
ammonia 1s observed at higher pressure. 


2 moles 


Consider the dissociation of phosphorus 
pentachloride, 
PCls(g) = PCla(g)+Cla(g) 
7A ——v— A 
1 mole 1+1=2 moles 


The forward reaction is accompanied by the 
increase in number of moles. According to 
Le-Chatelier’s principle the dissociation of 
phosphorus pentachloride is suppressed with 
increase of pressure. 


Other reactions that illustrate the effect cf 
change in pressure are the following : 


Reaction Direction favoured 
by increased pressure 
C(s)+H,0(g) = CO(g)+Hy(z) reverse(<) 
2NO,(g) == N-Og) forward(+) 
H,(g)+Clhi(g) = 2HCi(g) neither 


The following table summarizes the effects 
on the synthesis of ammonia discussed in this 
section : 


Change Reaction favoured 
add N, or H; forward (-> 
add NH; reverse se 
remove N; or Ha reverse (<-) 
remove NH; forward (>) 


increase pressure 
decrease pressure 
increase temperature reverse (<) 

decrease temperature forward (>) 


SSS y O 


forward (>) 
reverse (<-) 
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Le-Chatelier’s Principle and Physical 
Equilibrium. Consider a sample of liquid in 
a closed container as shown in Fig. 5-9. The 
liquid will change into vapours by the absorp- 
tion of heat. Conversion of vapours into 
liquid is accompanied by evolution heat. The 
evaporation process and the _ condensation 
process begin to act in opposition to one 
another. A situation in which two Processes 
are acting in equal and Opposite manners is 
called a state of dynamic equilibrium 


Heat 
H20(1) = H20(g) 
Cool 


—-> EVAPORATION 
<—— CONDENSATION 


Fig. 5-9 Evaporation of liquid molecules and 
condensation of vapour molecules occur 
continuously. When the rates of evaporation 
and condensation are equal, it is in a state of 
dynamic equilibrium. 


According to Le-Chatelier’s principle, addition 
of heat to such a system will shift the equilib- 
rium towards right. Increase of temperature, 
increases vapour pressure on the system. Thus, 
the vapour pressure of a liquid increases with 
rise in temperature. 


WORK EXERCISES 
1. (a) Define rate of a reaction. 


(b) What are the various factors which 
influence the rate of reactions ? 


2. (a) What will happen to the rate of 
reaction with increase in temperature ? 


(b) Give one example of a reaction in 
which catalyst increases the rate of reaction. 


(c) How does the rate of areaction change 
with increase in concentration of reactants ? 


3. Dilute sulphuric acid reacts with a metal 
‘M’ to produce hydrogen. Suggest a way to 


increase the rate of formation of hydrogen by 
this method. 


4. What is a reversible reaction 2 


5. What do you mean by forward and 
backward reaction ? 


6. What is chemical equilibrium ? 


7. What is the relation between forward 
and backward rates of reacton at equilibrium ? 


8. State Le Chatelier’s principle in your 
own words. 


9. (a) For the following reaction, state in 


which direction the equilibrium will shift on 
increasing the temperature. 


N2+02 = 2NO— heat 


(b) List the factors which influence the state 
of chemical equilibrium. 


10. (a) Predict the influence of increase in 
pressure on the following equation : 


2SOa(g) = 2S02(g) + Ox(g)— heat 


(b) What is the effect of removing O% in the 
following reaction at equilibrium ? 


2KCIO3(s) = 2K.CI(s)+302 (g) 
IONIC EQUILIBRIUM AND 
THE pH SYSTEM 


5-7 ELECTROLYTES AND 
ELECTROLYTES 


Substances which f 


NON- 


ich furnish ions in solution 
and conduct electricity are called electrolytes, 


For example, NaCl, CuSO4, NaNO. HCI 
KOH, etc., are electrolytes. The Wubetances 
which do not furnish ions in solution, and 


hence, do not conduct electricity are called non- 


SWITCH 


SOLUTION 


Fig. 5-10 (a) Urea solution in water is a 
Bon-conductor of electricity 


electrolytes. For example, sugar, CCla, CH:0H, 
urea, etc., are non-electrolytes. An electro- 
lyte is distinguished from a non-eiectrolyte by 
performing the experiment as shown in Fig 
5-10. The solution -of the compound to be 
tested is taken in a beaker. If the compound 
is non-electrolyte, the bulb does not glow 
(Fig 5-10 a). In case the bulb glows, it means 
that solution conducts electricity (Fig. 5-10 b) 
and the compound is an electrolyte. 


SWITCH 


NaCl 
SOLUTION 


Fig. 5-10 (b) Sodium chloride solution isa 
conductor of electricity 


5-8 STRONG AND WEAK ELECTRO- 
LYTES 


Substances, like sodium chloride that 
separate completely into ions, conduct electri- 
city well and are said to be strong electrolytes. 
Other examples of strong electrolytes are, KCI, 
NaOH, HNOs, CuSO4, etc. Substances, that 
do not dissociate completely in solution, conduct 
electricity poorly and are called weak electro- 
lytes, eg, NH,OH, CHCOOH, HeS, etc. 
The apparatus shown in Fig. 5-10 can also be 
used to distinguish between strong ané weak 
electrolytes. If the experiment is performed 
with various electrolytes it will be seen that the 
bulb glows very brightly with strong electrolytes 
and less brightly with weak electrolytes. 


5-9 ACIDS AND BASES 


The Swedish chemist Swante Arrhenius 
studied the dissociation of electrolytes. In 
1884, he defined an acidas an electrolyte that 
furnishes H+ ions. If dissociation is com- 
plete, it is a strong acid. For example, HCl, 
HINOs, H504. and HBr are strong acids. 
Hydrochloric acid ionizes in water according 
to the following equation : 


HCl(aq) > H*(aq)+Cl (9) 
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The hydrogen ion, H+ (a proton) interact with 
water molecules to give hydronium ions 
(H30*). 
HCi(ag)+H2,0 > HgOt(ag)+ Cl (ag) 

An acid has sour taste, dissolves certain 
metals and turns blue litmus red. 

Many acids dissociate partially in water 
solution. These are called weak acids, eg., 
CHCOOH, HeCOs, HNO, HeSOz, ete. 
An equilibrium exists between dissociated and 
undissociated acid. 
CHCOOH + H20=H30*(aq) +CH3COO (aq) 

HCO; +2H20 = 2H30+(ag) + COs? (ag) 


Arrhenius defined a base as an electrolyte 
that furnishes OH- ions in water solution. For 
example, sodium hydroxide and potassium 
hydroxide are bases. 

NaOH(aq) > Na*(aq)+OH (aq) 

Their dissociation is large enough in water 
solution. Thus they are ales called strong 
bases. Bases have bitter taste, feel slippery to 
the touch and change red litmus to blue. 
Ammonium hydroxide dissociates to a small 
a in water. So, it is an example of a weak 
ase, 


NH:OH(ag) = NHa*(aq)+ OH (aq) 


Water soluble bases are called alkalies e.g., 
NaOH, KOH, Ba(OH)2, Mg(OH)s, etc. 


5-10 IONIZATION OF WATER 


Water ionizes to an extremely small extent. 
The equation for its ionization may be written 
H20 = H++OH™ 
Since it is an ionic equilibrium, we can 
write the ionization constant expression, 
IHIH] 
[H20] 
From the equation for the ionization of water, 
one can see that each HO molecule gives 
one H+ ion and one OH- ion. [H+] and 
[OH] in pure water at 25°C have been deter- 
mined experimentally to be 1x1077 M each. 
So we can conclude that [H20] is a constant. 
Therefore, 
HOH] _ [H+] [0H] 
[H20] Constant 
or Kx Constant=K»=[H+] [OH] 


This cons ant, Kw is called the ioni 
water. At 298 K, the value of Kais ieee 


Ko=[H*][0H J=107 x 10-7= 10-4 
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In water and jn all aqueous solutions, this 
equilibrium, H20 = H++OH- exists. 


Therefore, 1x 10-14=[H*+] x[OH7] 
1x 10714 A 1x 10744 
and [Ht]= [OH] or [OH J= TT 


5-11 THE pH SYSTEM 


An acidic solution is one in which the 
concentration of H+ ions exceeds that of OH- 
ions, ie., 

[H> [0H] ; [H*]>10-7M ; [0H-]< 1077 M 

- In basic solution, there are more OH- ions 
than H+ ions, i.e., 

[0H7]> [H+] ; [OH-]> 1077M ; [H+] < 1077 M 

We have seen that it is possible to describe 
acidity or basicity of a solution by specifying 
the concentration of H+ ions. A Danish bio- 
chemist, Peter Sorenscn, in 1909, proposed a 


new system, known as pH scale, He defined 
PH as follows : i 
pH= — log[H+]=log E 


The small p in pH is derived from the 
German word ‘potenz’ meaning power. Thus 
pH means power of hydrogen ion. 

In the same way, one can define the pOH 
as follows : 

pOH=~— log [OH-] 
The pH and pOH of any solution are related 
to one another as follows : 


pH+pOH=14 
So, if either the pH or pOH of a solution is 


known, the other can be found by subtracting 
from 14, 


To differentiate between neutral, acidic and 
basic solutions, one can make this distinction 
in terms of pH, 


Neutral solution : [H+]=10-7M pH=7-0 
Acidic solution : [H+]>10-7M pH<7-0 
Basic solution : [H+]<10-7M pH>70 


Acidity and basicity on the pH scale are as 
given in Fig. 5.11. 


ACIDIC 
STRONGLY SLIGHTLY 


_, A solution becomes more and more acidic 
if its pH decreases below 7. It becomes more 
and more basic if its pH increases above Th 


Table 5-2 lists the pH of some common solu- 
tions, 


Tabie 5-2 The pH values of some common solutions 


Solution pH Solution pH 
ee 


NEUTRAL 


Gastric juices 10-30 Milk 63-6.6 
Lemon juices 22-24 Saliva 6.5—75 
Vinegar 24-34 Blood 713-75 
Wine 28—38 Sea-water 8'4 
Black cofee 48—52 Soap solution 8'5— 100 
5-11-1 IMPORTANCE OF pH VALUE 


pH value finds its vital role in agriculture. 
The pH value of a soil decides the manure 
required for that soil and the crop to be sown. 
Plants do not grow well in soil which is too 
acidic or alkaline. Choice of artificial fertilizer 


also depends upon pH of soil. 


pH value is also an important factor in 
biological processes. Most of the bacteria 
grow best in neutral or slightly alkaline 
solution. By determining the pH value, we can 
adjust the medium of many biological processes 
like fermentation, enzyme hydrolysis, steriliza- 
tion, etc. Fluids of the body like blood, urine 
and lymph undergo very little change in pH. 
A very small variation in the pH of blood gives 
a lot of body ache. Too much spicy food 
sometimes causes unpleasant feeling. This is 
due to excess stomach acidity ; one way to 
relieve the situation is to take an antiacid tablet 
or antiacid solution. 


Water, containing pollutant chemicals, if 
used for irrigation purposes destroys crops 
causes death to animals in lakes and rivers, 
corrodes metals if immersed in it, This is 


because pollutant chemicals change acidi 
alkanity of water. Me Saks 


BASIC 
SLIGHTLY 


STRONGLY 


I 
[HY] 10° 10 10-2 10- 10+ 10-5 10-6 qo.7 10- 


* 10-3 10-10 10-1 40-12 10- 


"3 40-14 


Fig. 5-11. The pH scale between 0 and 14. 


mae 


sia | 


pH value is of great importance in analyti- 
cal chemistry. Cations of group IInd are preci- 
pitated as sulphides in acidic medium while 
cations of group IVth are precipitated as sul- 
phides in alkaline medium. 


Solved Numericals 


5-1. Calculate (a) the pH of a solution of 
[H+]=0 001 M. 
(b) the pH of a solution of [OH-]=10~9 M. 


Solution : 
1 
(a) [H+]=0'001 M= p00 M 
=103M 
Therefore, pH=-—log 10-8=3 
(b) [0H-]=107? M 
[H+ x [OH-]=1 x 10-14 
1x104 1x 10714 
or f (= 6H =a 


=10-1449= 10-5 M 
pH= -log [H*]=—log 10-5=5. 


5-2. Calculate (a) [H+], and (b) [OH™] of 
a solution of pH=4 


Solution 


1 
pH=-—log 'H*]=log T 


1 
4=—log [H*]J=log EA 


1 
or log HT =4=log 104 


taking antilog on both sides, 
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1x10714 


and [OH-]=— 10-4 =10°10M 


WORK EXERCISES 


I. What is the difference between an 
electrolyte and a _ non-electrolyte? Give 
examples. 


2. How will you distinguish between weak 
and strong electrolytes ? 


3. Classify the following electrolytes into 
weak and strong electrolytes : 


NaCl, KNOs3, CH3COOH, NH4OH, Ca(OH) 
H2SO4, HCl, H2CO3, H2S and AgNO3. 

Define an acid and a base. 

What is pH scale ? 

What is hydronium ion ? 


7. The pH of water is 7. What isthe H+ 
ion concentration of water ? 


8. Which will have higher pH value, a 
strong acid or a strong base ? 


Dawe 


9. What will be the concentration of 
hydronium ion in the following solutions ? 


(a) 1074M HCI (b) 1072M HNO3 

(c) 1073M H2504 

[Ans. (a) 1074M, 
(c) 2X10-8M] 


10. Calculate the [OH™] of the following 
sclutions : 


(b) 10-2M, 


; L (a) pH=2 (b) pH=6 
T =10 (c) pH=9 (d) pH=12 
; A [Ans. (a) 1072M, (b) 1078M, 
ae [H= 104M (c) 105M, (d) 10-2M] 
KEY TERMS 


5-1 r 
one or more different substances, 
Combination re: 
stances unite to fo 
Decompos 
posed or bri 


5-2 


or ion. 


action. Chemi 


Chemical reaction. Substance or a group of substances is changed into 


cal reaction in which two or more sub- 
rm a single product, 4+ B -> AB’, 


ition reaction. Reaction in which a single reactant is decom- 
oken down into two or more products, AB > A+B, 


Oxidation. Loss of one or more electrons by an atom, a group of atoms 
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"5-26 Chemical equilibrium. A state when 


5-5 Reduction. Gain of one or more electrons by an atom, a group of atoms 
or ion. 

5-6 Oxidizing agent. A substance which can oxidize other substances by 
accepting electrons. 


5-7 Reducing agent. A substance which can reduce other substances by 
supplying electrons. 

5-83 Redox -zeaction. A reaction in which both reduction and oxidation take 
place simultaneously. 

5-9 Exothermic reaction. A reaction which takes place with the evolution 
of heat. 

5-10 Endothermic reaction. A reaction which takes place with the absorp- 
tion of heat. 

5-]1 Electrolysis. Decomposition of a substance by passage of an electric 
current through’an electrolytic cell. 

5-12 Electrolyte. Substance, such as sodium chloride, which conducts elec- 
ricity when dissolved in water. 


§-13 lon. Aa atom or a group of atoms of molecule that has gained or lost 
one or more electrons." 


5-14 Ionization. The process of decomposition of an ionic compound in 
solution into its ions. 

5-15 Stromg electrolytes. Electrolytes capable of complete or almost com- 
plete ionization in solution. 


5-16 Weak electrolytes. Electrolytes that are only partially ionized in 
solution. 
5-17 Anode. Electrode at which oxidation occurs in an electrolytic cell. 
5-18 Cathode. Electrode at which reduction occurs in an electrolytic cell, 
5-19 Cations. Positive ions that go to the cathode during electrolysis. 
5-20. Anions. egative ions that go to the anode during electrolysis. 
5-21 Electrorefining. Refining of metals such as copper, tin, silver, ete., with 
the help of an electric current. 
5-22 Electroplating. Deposition 6f one metal over another with the help of 
an electric current. 
5-23 Rate of reaction. Change of concentration (number of moles per unit 
volume) per unit time of one of the reactants or products in the reaction, 
5-24 Reversible xeaction. A reaction which can proceed in both the directions. 
5-25 Irreversible reaction A reaction in which reactant or reactants can- 
not be obtained from the products under any conditions. 
th 
backward reactions are the same. Sey nie torrare ahdith 
5-27 Catalyst. A substance which alters the s i i 
without itscif undergoing any chemical eens ore reemial trackion 
5-28 oar an p h: rten m chemical equilibrium is altered 
] spond in suc inimi 
af thet nae. p a way as to minimise the effect 


5-29 Ionic product of water, Product of th i = 
ions in water (Ke ("OH"). of the concentrations of H+ and OH 


5-30 pH. A measure of acidity or alkalinity of a solution. pH i i 
logarithm to base 10 of the Ht j Glatt yoke Genes 
ys gy er e H+ ion concentration in moles per litre 
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UNIT THROUGH EXERCISES 


5-1 Given the following equations, label 
each as a combination, decomposition or single 
displacement reaction : 

(a) Zn+CuSO4 > ZnSO4+Cu 

(b) Fo+2Nal > 2NaF+Io 

(c) 4Fe+30, -> 2Fe203 

(a) Zn+HeSO4 > ZnSO4+Ho 

(e) Na+AgNOs3 > Ag+NaNOg 

(f) 2H202 —> 2H20 +02 

(2) C2H4+H2 + CoHe 

(h) 2N20 > 2No +02 

[Ans. (a), (b), (d), (e) are single displacement 
reactions 
(c), (g) are combination reactions 
(J), (h) are decomposition reactions] 

5-2. Which of the following reactions are 
redox reactions? Identify the oxidizing agent 
and the reducing agent in the redox reaction, 

(a) In(s)-+ HeS(g) > 2HI(g)+S(s) 

(b) Pb?+(aq)+2I-(ag) > PbIe(s) 

(c) SO2(aq)-+NO2(aq) + SOs(aq)+NO(ag) 

(d) NH3(aq)+HCl(ag) + NH4Cl(aq) 

(e) 2Clo(g)+CHa(g) + 4HCl(g)+C(s) 

[Ams. Oxidizing agent Reducing agent 


(a) bb H:S 
(o NOs a 
(e) Cle CH4 


= i n equilibrium shift, right 
E EEEE in the following 
reactions : 
(a) 2SO2/g)+O2xg) = 2SO3(g)-+heat 
(1) temperature is increased 
(2) pressure is reduced 
(3) catalyst is added 


(b) CO(g)+3He(g) = CHalg)+ HO) rat 


(1) temperature is lowered 

(2) pressure is increased 

(3) CH4 is removed from the syste: 
(c) 2NOCKg) = 2NO(g)+Ch(g)— heat 

(1) temperature is raised 

(2) pressure is increased 


(3) extra chlorine gas is added 


[Ams. (a) (1) backward 
(3) no effect 


(b) (1) backward 
(3) forward 
(c) (1) forward 
(3) backward] 
54. Consider the reaction 
2F2(g)+O2(g) = 2OFo(g)— 11-0 kcal 
What effect does, 
(a) Increasing the temperature have on 
[OF]? 


(2) backward 
(2) forward 


(2) backward 


(b) Increasing the pressure have on [Fs] ? 
(c) Adding a catalyst have on [OF3] ? 
(d) Adding a catalyst have on the value of 
00 $ 7 
(e) Decreasing the temperature have on 
[OF3] ? 


(f) Decreasing the [Fa] have on the point of 
equilibrium ? 

[Ams. (a) [OF] increases 

(c) no effect (d) no effect 

(e) [OFs] decreases (f) shifts left 


5-5. Identify each of the following solu- 
tions as acidic, basic or neutral 


(b) [F2] decreases 


(a) pH=2 (b) pOH=6 
(c) pH=9 (d) pOH=14 
(e) [H+]=107M___(f) pOH=9 
(g) pH=0 (h) pH=3°5 
(i) [H*+]>10-7M_ —(j) [OH-]=10-7M 
(k) pH=11°3 () [OH-]<10-7M 
(m) pOH=2:7 (n) pOH=13 
(0) [OH-]>10-7M (p) [H+]<10-7M 
(0) pH=7 (r) POH=7 
[Ams. Acidic : a, d, f, g. h, i, l, n 
Basic : b, c, k, m, o, p 
Neutral : e, j, q, r]. 
5-6. Choose the true statements in the 
following : 


1. In the reaction, Fe+S + FeS, Sis the 
oxidizing agent and Fe is reduced. 

2. Positive ions migrate to the cath i 
electrolytic cells and are called arth 

3. The positive electrode in an e i 
cell is called cathode, enya 
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4. In oxidation-reduction reactions, the 
number of clectrons lost or gained 
must be equal. 

5. Acids taste sour and bases taste bitter. 

6. A solution whose pH=2 is less acidic 
than a solution whose pH=5. 

7, If the [H+]=1x10-6M, its 
pOH=1x 1071. 

8. If the pOH ofa solution is 11, its pH 
is 3. 

9. An increase in temperature always 
results in an increase in reaction rate. 

10. One of the most important factors in 
determining the rate of reaction is the 
nature of reactants, 

{Ans, 2,4, 5, 8, 9, 10 are true], 

Multiple Choice Questions 
5-7, Put a (y) mark against the most 
appropriate choice : 
1, Which of the following expressions will 
give the pH cf an aqueous solution in 


terms of the hydrogen jon concentras 
tion ? 


(a) loH (6) pe 


(co) -log [H+] (d) —log T 


2, Which of the following gives the pH of 
an aqueous solution of 0001 M HCI ? 
(a) =3 (b) 11 
(c) 3°5 (d) 3 

3, Which of the following gives the pH of 
an aqueous solution of 0:00! M NaOH 
(a) -11 (b) -—3 
(c) 3 (d) 11. 

4. The chemical reaction which takes 
place at the anode (positive electrode) 
in electrolysis is : 

(a) Oxidation (b) Reduction 
(c) Hydrolysis (d) Dissociation 

5. Which of the following is an oxidation 
process ? 

(a) The increase in positive charge of 
an ion. 

(b) The removal of hydrogen from a 
compound, 

(e) The addition of chlorine to a com- 
pound. 


(d) The loss of hydrogen ions by an 
acid, 


[Ans. 1. (c), 


6. To balance the equation 
HeS > S+2Ht+Ze- 
the value of Z is given by 
(a) 1 (6)2 (c)3 (d)4 
7. The reaction NaCl+AgNO3 + NaNOs 
+AgCl is known as: 
(a) Redox reaction 
(b) Double decomposition reaction 
c) Combination reaction 
d) Reversible reaction 
8. At the equilibrium state : 
(a) Rate of forward direction is greater 
than rate of backward direction, 
(b) Rate of backward direction is greater 
than rate of forward direction, 
(e) Rate of forward direction is equal to 
tate of backward direction, 
(d) None of the above 
9, A catalyst is a substance that 
(a) increases the yield. 
(6) alters the rate of reaction, 
(c) takes part in a chemical reaction, 
(d) ail of the above, 
10. In reductions process the electron are j 
(a) gained (b) lost (e) exchanged 
(d) neither gained nor lost 
2. (d), 3. (d), 4. (a), 5. (a), 
6. (6), 7. (6), 8. (c), 9. (6), 10. (a)] 
5-8. Fill in tke blanks 


1. A reaction that evolves heat is called 
an........ reaction. 


2. A reaction that absorbs heat is called 
AN Peat. reaction. 

3. A.........is a substance that alters the 
Tate of a reaction without being used 
up in the reaction. 


4. Equilibrium occurs when two opposing 


reactions are occurring.........and at the 
SAME........., 

5. A strong acid is one that -is......... 
ionized. 

6: An acid turns............ litmus 


7. An acid is a proton 
is a proton........., 
Ss) pH= wn. [HE+]. 
The process whereby electrical energy 
is used to bring about a chemical 
reaction is called 


LON AA electrolytes are completely dis- 
sociated in aqueous solution. 


11. The pH value of an alkaline solution 
TARAA 


12. A positively charged ion is called...... 


13. An article to be electroplated is made 
AA in the electrolytic cell, 
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During electrolysis, oxidation takes 
place at ........ whereas reduction takes 
place at......... 


1. exothermic, 2. endothermic, 3. 
catalyst, 4. simultaneously, rate, 5. 
completely, 6. blue, red, red, blue, 7. 
donor, acceptor, 8. —log, 9. electroly- 
sis, 10. strong, 11. greater than, 12. 
cation, 13. cathode, 14. anode, 
cathode]. 


5-9, Match the terms in column A with the descriptions in column B. 


Column A 


Chemical reaction 
Chemical equation 
Reactant 

Product 

Catalyst 

Reaction rate 
Reversible reaction 
Chemical equilibrium 
Reducing agent 
Oxidising agent 


N = 


li, Anode 
2. Cathode 


Equation, reactant and pro- 


a 
g 


Define : 
duct. 
5-2 Explain the meaning and use of each 
of the following symbols : 


(a) >, (b) =, (c) TS 

(d) 4, (e) 18), (f) A 

(A) (s). P 
5-3 Complete and balance the following 

equations : 


A. Combination 
1. Zinc+sulphur — > 
2. Jron+ sulphur ——> 
3. Aluminium+oxygen gas ——> 
4. Sodium-+chlorine gas ——> 
B. Decomposition 


A 
1. Mercury (H) oxide ——> 


A 
2. Copper ‘II) carbonate ——> 


Column B 


(a) change in concentration with time, 
(b) reduction occurs here. 

(c) process of chemical change, 

(d) goes in both directions, 

(e) oxidation occurs here. 
(f) short hand representation of reaction, 
(g) speeds up reaction. 

(h) accepts electrons, 

(i) starting substance, 

(J) forward and backward reaction rates are 

equal, 
(k) substance produced 
(J) donates electrons, 


REVIEW QUESTIONS 


A 
3. Potassium chlorate — -> 


4. Calcium carbonate 2, 

Single displacement 

1. Zinc+sulphuric acid —+ 

2. Aluminium-+-hydrochloric acid » 

3. Magnesium+silver nitrate solution > 
4. Sodium+ water —+ 


Double Displacement 

1. Solutions of ammonium sulphate 
+barium chloride —+ 

2. Solutions of aluminium sul hat 
+potassium hydroxide — +» a 

3. H2S gas is bubbled throu; 
(II) chloride solution. ai espper 


4. Sulphuric acid +calcium 4 
solution —-> hydroxide 
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5-4 Give definition for oxidation „and 
reduction in terms of loss and gain of 
electrons. 


5-5 What is meant by oxidizing and reduc- 
ing agents? Give illustrations of each. 


5-6 Label the following changes as oxida- 
tion or reduction : 
(a) A+ = Al 
(b) Au > AuClg 
(c) Br- > Bro 
(d) Fe2+ -> Fe3+ 

5-7 Define anode and cathode in terms of 
oxidation and reduction. 


5-8 Give three examples of exothermic and 
three examples of endothermic reac- 
tions. 


5-9 Explain how and why the following 

factors affect the rate of a reaction ? 
(a) An increase in concentration 
(b) A rise in temperature 
(c) The addition of a catalyst. 

5-10 What is a cataiyst ? 

5-11 During a chemical reaction, what hap- 
pens to a catalyst ? 


5-12 In the following reactions, indicate 
whethe- an increase or decrease of 
pressure will favour the forward reac- 
tion : 

(a) Ha(g)+Iz(g) = 2HI(g) 

(b) 2Ho(g)+O02(g) = 2H20(1) 

(c) CuO(s)+Ha(g) = Cu(s)+H20(1) 
(d) COCI(g) = Cle(g)-+CO(g). 

5-13 What effect would heating have on the 

following reactions ? 

(a) COa(2)+C4s) = 2CO— heat 

(b) Na(g)+0O2(g) = 2NO(g)— heat 

(c) (NH4)2CO3(s) = 2NHg(g) 
+COo(g)+ H2O(/)— heat 

(d) PCls(s)+Clo(g) = PCls(g)+-heat 

5-14 A solution containing I~ is added to a 
solution containing Fe3*+.Fe?+ and Ip are 
produced. Give the balanced equation. 
What is oxidized and what is reduced ? 


5-15 How will you explain the evolution 
and absorption of heat in a chemical 
reaction ? 

-16 Explain what is meant by the statement 
that a chemical equilibrium or a physi- 
cal equilibrium is a dynamic equili- 
brium. 

5-17 Describe an experiment to distinguish 
between an electrolyte and a non- 
electrolyte, 


5-'8 Discuss the importance of pH in agri- 
culture and in biological processes, 

5-19 Two solutions 4 and B have pH values 
of 3'0. and 9'5 respectively. Which of 
these will turn blue litmus ted and 
which will turn red litmus blue. 

5-20 Four solutions 4, B, C, and D have pH 
values 2'5, 5'4, 8'3 and 10°5 respec- 
tively. 

(a) Which of these is most acidic and 
which is most basic ? . 

(b) Arrange them in order of decreas- 
ing [H+]. 

5-21 Give the names and formulae of the 
three most important strong acids, 

5-22 Define pH and pOH by writing in 
mathematical equation for each, 

5-23 Calculate 
(a) The pH of a 

pOH=6 
(b) The pH of a solution whose 
pOH=14 
(c) The pH of a solution whose 
pOH=1 
[Ans. (a) 8, (5) 0, (c) 13] 

5-24 Calculate the pH of the following 

solutions : 
(a) 10-6 M HCI (b) 1079 M NaOH 
(c) 105M HCI (d) 103M HCI 
[Ans. (a) 6, (b) 5, (c) 5, (d) 3] 
5-25 Calculate the [H*] in the following 


solution whose 


solutions : 

(a) pOH=12, (b) pH=6, 

(c) pH=4, (d) pOH=8, 
[Ams. (a) 10-2 M, (b) 10-6 M, (c) 10-4 M, 

(d) 10-6 M] 
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UNIT 6 


Non-Metals 


Antoine L. Lavoisier, a French scientist, is called 
the ‘Father of Modern Chemisty’, He founded 
the correct theory of combustion. His name is 
associated with the discovery of some of the ele- 
ments and some phenomena in chemistry. 


Antoine L. Lavoisier 
(1743—1794) 


Learning Objectives 
At the completion of this unit, you should be able to : 


ft 


2, 


3. 


Differentiate between metals and non-metals with reference to their physical and 
chemical characteristics. 


Classify the oxides—acidic, basic or neutral— of metals and non-metals on the basis 
of their reaction with water. 


Characterize the non-metals on the basis of their chemical properties, e.g., Teaction 
with acids, etc. 


Discuss and appreciate the unique position of hydrogen in the periodic table, 
Understand the concept of allotropy seen among various non-metals, 


Give reasons for the inert nature of noble gases and extremely reactiye behaviour 
of halogens lying close to them. 


Account for the source of various non-metals in the native and combined forms, 

Explain the atomicity of various non-metals. 

Understand the nature of bonding in compcunds described in this unit, 

Prepare the gases listed in the unit and study their importent Properties, 

Explain the working principle of Kipp’s apparatus employed for the Preparation 
S gas. 

ae some of the reactions of the compounds described in this unit. 

Emphasize the importance of hydrogen sulphide for qualitative inorganic analysis 

Differentiate between the bleaching action of sulphur dioxide and chlorine, : 
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15. Explain the principle of contact process for the manufacture of sulphuric acid. 

16. Demonstrate the dehydrating properties of sulphuric acid. 

17. Prepare a dilute solution of sulphuric acid. 

18. Demonstrate certain reactions of sulphuric acid on metals, e.g., copper, zinc, etc. 
19. Give reasons for the inertness of nitrogen. 

20. Demonstrate the fountain experiment. 

21. Explain the principle involved in the manufacture of NH3 gas by Habeu’s process 


and nitric acid by Ostwald’s process. 


22. Demonstrate the reaction of nitric acid on metals and non-metals 
23. Demonstrate the brown-ring test for detecting NO37 ion. 

24. Differentiate between chlorides, bromides and iodides. 

25 Prepare a solution of hydrogen chloride in water. 


6-1 INTRODUCTION 


Elements, based upon their physical and 
chemical characteristics and nature of their 
compounds, are divided in three groups: 
metals, non-metals and metalloids. With the 
exception of hydrogen, non-metals are located 
in the upper right hand region of the periodic 
table. They have their own characteristic 
properties and show chemical diversity in their 
chemical reactions. They include both inert 
non-metals, e.g., He, Ne, Ar, Kr, Xe and 
extremely reactive non-metals like F, Cl, Br, I. 
In between these two extremes, we have non- 
metals of intermediate reactivities, eg., N, P, 
O and S. 


The general properties that distinguish 
between metals and non-metals are summarized 
in Tables 6-1 and 6-2. 

Table 6-1 Physical properties of metals and 


non-metals 
Metals Non-metals 
1. High electrical con- Hardly conduct electricity 
ductivity (Graphite, an allotrope of 


carbon is an excellent 
conductor of electricity) 


2. High thermal con- Good heat insulators 


ductivity 
3, High density Low density 
4, Possess lustre Do not possess any metal- 
lic lustre (iodine has 
shining crystals). 
5. Generally solids Solids (C, S, Se, P, I) 
(mercury is liquid) Liquids (Br) 
Gases (O, N, F, Cl) 
6. Ductile (can be drawn Non-ductile 


into wires} 
9, Malleable (can be 
hammered into sheets) 
8. Solid state characteri- Covalently tonded 
zed by metallic bond- molecules ; inert gases are 
ing monoatomic 
ee 


Brittle in solid state 


Table 6-2 Chemical properties of metals and 


non-metals 
a O OUS 
Metals Non-metals 
1. Valence shell contains Valence shell contains 
a few electrons ; four or more electrons 
usually three or four 
. Electropositive Electronegative 
. Reducing agents Oxidizing agents 


. Form cations by los- 
ing electrons 
. Form basic oxides Form acidic oxides which 
which on hydrolysis hydrolysis gi i 
A ae on hydrolysis give acids 
LATE ae TEN 
The position of metals, non-metals and 
metalloids is shown below in the periodic 
table (Fig. 6-1). Hydrogen occupies a unique 
position in the periodic table. 


Form anions by gaining 
electrons 


v AWN 


_ Among the non-metals some very striking 
differences in physical properties are found, 
Carbon, for example, is almost impossible to 
melt and nitrogen is extremely difficult to 
liquefy. Often a single element can exist in 
more than one forms. Phosphorus and sulphur 
exist in number of forms. These forms are 
called allotropes and the property is called 
allotropy. These allotropic forms of one ele- 
ment differ in reactivity, 


The non-metals and th 

a yta! role in chemistry 
ydrogen and oxygen react with each o 

form H:O (water), a simple molecule, e 
unusual properties are necessary for the deye- 
lopment and maintenance of life. Sugar (or 
carbohydrates), an important sources of 
energy, contains C, H and O. Proteins, the 
body-building materials, contain C, H O and 
N as their constituents. Detergents, vitamins 


fertilizers, medicine i 
S, etc., all contai 
the non-metals, : $ e 


eir compounds play 
and in our lives. 


xe 


| H k- NON-METAL 


METALS 


METALS TRANSITION 


ELEMENTS 


BRIDGING 
ELEMENTS 
BETWEEN 
ELECTROPOSITIVE 
AND ELECTRONEGATIVE 
ELEMENTS (METALLOIDS) 


NON-METALS 


PARTIAL SHADING OF Ga. Sn, As AND Te EXHIBITS SOME PERCENTAGE OF METALLOIDIC BEHAVIOUR 


Fig. 6-1 Metals, non-metals and metalloids in the periodic table 


6-2 GENERAL CHARACTERISTICS OF 
NON-METALS AND METALS 


Some of the characteristic properties of 
non-metals have already been listed in Tables 
6-1 and 6-2, Some other properties in which 
non-metals differ from metals are discussed 


below : 


6-2-1 OXIDES 


Non-metais form covalent oxides which are 
either acidic or neutral. Many oxides are 
vapours or liquids at room temperature. These 
oxides react with a base to form a salt and 
water. 

SOx(g) + NaOH(aq) > NagSOs(aq)+H20 

(Oxide) (Base) (Salt) 


Most of the acidic oxides react with water to 
form the corresponding oxyacid. Acidic oxides 
may therefore be regarded as derived from 
acids by eliminating water ; hence, they are 
also known as acid anhydrides. The acid itself 
also reacts with a base to form a salt and 


“water. 


COo(g) + H20(/ HC 
ome 2 eee 


arbi Carbonic 
dioxide acid 
SOs(g) + H:0(1) > HSO4(a 
Sulphur SI 
trioxide acid 


H2S0O4(aq)+-2NaOH(aq)>NaSO4(ag)+2E 
(Acid) (Base) saa araug 
Metals form ionic oxides which arı ic i 
nature, Most of the oxides are ro 
high melting and boiling points. They react 
with an acid to form a salt and water. 


Na20(s)+2HCl(ag) -> 2N 
(Oxide) (Acid) A 


Also, the basic oxide reacts wi 

/ S with 
forming a hydroxide. The hydroxide itself also 
reacts with an acid to form a salt and water 


NaO 
a Ole B20) > 2NaOH(aq) 


à Sodium 
oxide hydroxide 
2NaOH(aq)+ H50 s 
(Hydroxide) (Aciay a Naeata CD +20 
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eriment 6-1 To study the acidic 
ES of the product formed by the 
reaction of oxide with water. Take the 
product say dilute HSO in a test tube. Insert 
a piece of blue litmus paper into test tube so 
that it touches the liquid in the test tube. The 
blue paper turns red. This shows the acidic 
nature of the liquid. Repeat this experiment 
with other acids and observe the colour change. 


6-2-2 HYDRIDES 


Non-metals form covalent hydrides on 
combining with hydrogen under different 


conditions. For example, 
CH4 NH; HS HCl H20 
Methane Ammonia Hydrogen Hydrogen Water 
sulphide chloride 


Most of the hydrides are gaseous in nature. 
They are stable and not hydrolyzed by water. 
They dissolve to a greater or lesser extent in 
water to give solutions which may be acidic, 
basic or neutral according to whether the 
hydride in aqueous solution can donate a 
proton, accept a proton or do neither. 


Examples 


Acidic in aqueous solution 


HCl + H20 > H30'+clI- 
(Hydride) 


Basic in aqueous solution 


NH; +H,O > NH4t+ OH- 
(Hydride) 


Metals form ionic 


hydrides on combining 
with hydrogen under 


varied conditions, e.g., 
CaHz, MgHa, otc. These are solids with high 
melting points, They are unstable and decom- 
pose on heating. They are hydrolyzed by water 
forming the hydroxide of the metal and 


hydrogen, ; 
CaH, + 2H,0 + Ca(OH) +2H3 
(Hydride) (Hydroxide) 


6-2-3 CHLORIDES 


Non-metals on combining with chlorine gas 
form covalent chlorides, eg., HCl, CCly, etc. 
They are volatile in nature. They are irrever- 
sibly hydrolyzed by water to give a solution of 
the oxyacid of the element and hydrochloric 
acid (CClq does not react with water). 


PClg +3H20 > H3PO3 +HCl 
(Trichloride) (Oxyacid) 


Metals on combining with chlorine gas 
form ionic chlorides, eg, NaCl, BaCl, etc. 
They are solids with high melting points. They 
are stable and dissolve in water to give solu- 
tions. Aqueous solution contains ions. 

6-2-4 REACTION WITH ACIDS 

Non-metals do not react with acids like 
dilute HCI, dilute H2SO4, etc., and hence, do 
not replace hydrogen from acids. 

Metals react with acids producing hydroger 
gas. 


Zo + HeSO4 > ZnSO4+ He 
(Metal) (Acid) Hydrogen 
gas 


of sulphur into the te: 
Phosphorus into the 
amount of powdered carbon into the test tube-3, 
Now it is observed that no reaction tak 
in any of the test tubes and the hydrogen gas 
is not evolved. Repeat the experiment by 
taking dilute HCI, 
WORK EXERCISES 


l. Make a list of the Metals and non- 


metals with which you have been familiar sj 
childhood, ig ie 


2 State some of the properties of non- 
metals which are not common to metals. 
3. Indicate the positions of 


non-metals and metalloids 
table. 


4. Write the electronic arrangements of the 


Non-metals which you Propose to study in this 
unit. 


of the metals, 
in the periodic 


. What is 
following : 
(i) Elements along the border between the 
true metals and non-metals, 
(ii) A binary compound in which hydroge, 
is one of the elements, ere 
(iii) A compound formed from 
tion of an acid with an alkali. 
(iii) A compound which on reducing with 
water gives an acid, 
6. Name the following ; 
(i) A non-metal whi 
temperature. 


(ii) A metal which is liquid atr - 
RE q oom tempe 


the term assigned to the 


the reac- 


ch is liquid at room 


(tii) A non-metal which melts at very high 
temperature. 
(iv) One non-metal from the groups, IA, 
IVA, VA, VIA and VIIA. 
(v) The nature of bond usually non-metals 
form with each other. 
7. Give two examples of eacb of hydrides, 
chlorides and oxides of non-metals with their 
electron dot structures. 


8. What happens when : 
(i) SOs is dissolved in water. 

(ii) PCls is attacked by water. 

(iii) Zinc reacts with dilute sulphuric acid. 

(iv) SO% is passed through the solution of 

sodium hydroxide. 

Give chemical equations. 

‘9. What happens when oxides of non- 
metals are dissolved in water ? Illustrate. 

10. (i) Define an acidic oxide. 

(ii) How will you establish that SO2 is an 
acidic oxide ? 

HYDROGEN 
(Group IA Non-metal) 


6-3. HYDROGEN 
Symbol H Relative atomic mass 1'008 
Molecular Hz Relative molecular mass 2:016 
formula Atomic number 1 


Hydrogen was discovered in 1776 by Henry 
Cavendish by the action of dilute sulphuric 
acid on iron. He investigated its properties 
and showed that water is the only product 
when hydrogen burns in air. It was because of 
this reaction that the ‘inflammable air’ as called 
by Cavendish was named hydrogen (Greek, 
hydor genon meaning water former) by 


Lavoisier. 
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Hydrogen is the first element in the periodic 
table. Ii is the lightest element. Anatom of 
hydrogen has one proton and one electron. 


Place in the periodic table 

It occupies a unique position in the periodic 
table. In its properties, it behaves like alkali 
metals (IA group) as well as like halogens 
(VIIA group). Hydrogen, thus, finds its assign- 
ment both with alkali metals and halogens. It 
can lose its only electron to form H+ ion, and 
thus it resembles alkali metals (M) which yield 
M+ ions. It can also form H~ ion by gaining 
one electron similar to halogens (X) forming 
X- ions. In its atomicity, it also resembles 
halogens (both halogens and hydrogen exist in 
diatomic form). 

Hydrogen can also form a single covalent 
bond with other atoms like C, Si, etc. There- 
fore, hydrogen can be considered as a non- 
metal in respect of some of its properties. 


Isotopes of hydrogen 

Three isotopes of hydrogen are kno 
(Table 6:3). ; Ji 

They show different physical properties due 
to large mass difference. This can be confirmed 
by comparing the properties of H2O and D20 
(heavy water). Heavy water has higher density, 
freezing point and boiling point than water. 
Heavy water is used as a moderator in nuclear 
reactors to regulate the speed of fast moving 
neutrons. 
6-3-1. OCCURRENCE 

Hydrogen, because of its reactivity is rare 
found in the free state at the ear ne 
though it is present in the Sun and in inters. 
tellar space (in isolated form, H(g)). It does 
not occur in the atomosphere except in trace 
quantities. 

However, in the combined form, it j- 
tutes about 1 percent of the crust of the Ben 
The most important compound of hydrogen is 


Table 6-3. Characteristics of isotopes of hydrogen 


o o t M ae ee ee ee 
Neutron Relative atomic 


Notation Electron 


Proton 


Isotope 
mass 
— 

Hydrogen-1 ly 1 1 0 1 

(Protium) 1 

Hydrogen-2 2u 1 1 1 

(Deuterium) Dior a 

1 1 2 3 


drogen-3 3 
tee) Tor jH 
re an mar ota gy. SS ie 
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water which contains 11 percent by weight of 
hydrogen. Hydrogen is present in all acids 
and bases. It is a constituent of carbohydrates, 
proteins, fats and oiis. Most of the fuels such 
as wood, coal, coke, cooking gas, petrol, etc. 
also contain hydrogen as a major constituent. 


6-3-2. PREPARATION OF HYDROGEN 


Hydrogen is prepared in the laboratory by 
the action of dilute HəSO4 or HCI on grannu- 
lated zinc (metal placed above hydrogen in the 
electrochemical series). The gas is collected by 
the downward displacement of „water. The 
apparatus employed is portrayed in Fig. 6-2. 


Zn(s)+HeSOq(aq) -> ZnSOu(aq)-++ Ha(g) 
(Dilute) 


DIL HCI 


Fig. 62. Laboratory preparation of hydrogen 


To remove any trace of acid the gas is bubbled 
through KOH solution. Hydrogen can be 
dried by passing through concentrated sulphuric 
acid or phoshorous pentoxide (Fig, 63). 


| DRY 


HYOROGEN 
DAMP 
HYDROGEN 
CONS. 
SULPHURIC 
ACID 


Fig. 6-3. Drying of hydrogen gas 


Hydrogen is produced by the electrolysis of 
acidified water. It is also a byproduct of com- 


mercial preparation of chlorine and sodium 
hydroxide by electrolysis of brine {sodium 
chioride solution). Hydrogen is also manu- 
factured from water gas (Bosch’s process). 
Steam is passed through very hot coke, the 
gaseous products are known as water gas. 


C(s)+H20(g) = CO(g)+Ha(g) 
Water gas) 
Water gas is then Passed, with excess steam, 
over a heated iron (IHI) oxide catalyst. The 


carbon monoxide then reacts with the steam to 
form more hydrogen. 


Tron oxide 
HeO(g)+CO(g)-+He(g) > COo(g)-+2H(g) 


- Carbon dioxide is removed by bubbling gases 


through hot KgCOs solution under pressure or 
by passing over lime, 
KsCOs(aq)+COx(g)-+H20-+Ho(g) 

> 2KHCO3(aq)+H2(g) 


CaO(s)+COo(g)+ Hol(g) > CaCOs(s)+Hy(g) 
(Insoluble) 
Large amounts of hydrogen are now pro- 


duced by passing steam and petroleum gases 
(hydrocarbons) over a nicket catalyst. 


Ni 
CHa(g)+2H20(g) -> CO2(g)+ 4H2(g) 


Carbon dioxide can be removed by either of 
the above methods. 


6-3-3. PROPERTIES OF HYDROGEN 


Hydrogen is a colourless, odourless and 
tasteless gas which is almost insoluble in water 
and is liquefied only with great difficulty. It is 
the lightest known gas. Its density is 
0-071 g/cm. Its melting point is 14K and 
boiling point is 193K. 


Hydrogen does not show any reaction with 
litmus, and hence, it is neither acidic nor basic, 
Hydrogen burns in air (or oxygen) with a 
blue flame (highly inflammable) producing 


water (Fig. 6'4). The reaction it accompanied 
with the evolution of large amount of heat. 


2H2(g)+Oo(g) + 2Ħ20(/)+heat 
Hydrogen does not support burning: 


1 Reaction with non-metals ; Hydro- 
gen combines with fon-metals forming hydri- 
des. It combines with chlorine in the bright 


WATER 
FROM TAP > => 


HYDROGEN 


Fig. 6-4. Burning of dry hydrogen in air to 
form water 


sunlight or when its burning flame comes in the 
contact of chlorine (Fig. 6-5). 
Ho(g)+Cla(g) > 2HCKg) 
ae) ale irosen chloride 

i iodi i heat- 
Bromine and iodine combine only on 
ing. It also combines with nitrogen 10 _the 
presence of a catalyst under suitable conditions 
of temperature and pressure forming ammonia 
(Haber’s process). 


H; 2NH3(g) 
2Na(g)+ 3Ha(e) P Anona 


(7 f ES 

ee 

Ge “HYDROGEN 
£ AI <— 


HYDROGEN Åt 
CHLORIDE 


5. A hydrogen flame in a jar of 


Fig. 6- chlorine gas 
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Hydrogen, on passing through boiling sul- 
phur, forms hydrogen sulphide. 
Ho(z)+S > HeS(g} 
Hydrogen sulphide 


2. Reaction with metals: Hydrogen 

combines with active metals forming hydrides. 
2Na(s)+He(g) > 2NaH(s) 
Ca(s)+Ha(g) > CaHa(s) 

3. Reaction with compounds: Hydro- 
gen acts as a reducing agent. It reduces metal 
oxides (oxides of metals present below hydro- 
gen in the electrochemical series) to their 
metallic forms. 


CuO(s)+Ha(g) + Cu(s)+H20(8} 
PbO(s)+Ha(g) > Pb(s)+ H20(/) 
Fe:O3(s)+3Ho(s) > 2Fe(s)+3H20(g) 
6-3-4. USES OF HYDROGEN 


1. Hydrogen was used earlier in filling 
balloons and airships. However, on account 
of its highly inflammable nature, it has now 
been replaced by helium. It is still used in 
meteorological and cosmic research balloons 
because of its extremely low density. 


2. It is used in the manufacture of 
ammonia (by Haber’s process) which is the 
basis of many fertilizers. Fertilizers are used 
extensively to yield better crops. 


The major bulk of commercially produced 
hydrogen is used in producing hydrochloric 
acid, explosives, plastics and a large number of 
organic chemicals. (Fig. 6-6). 


3. Itis used in the manufacture of vanas« 
pati ghee. This process is called hydrogenation 
or hardening of oils. The hydrogenated pro- 
ducts have superior keeping qualities, 

Ni, 443K 
Vegetable oil ——— > Vanaspati ghee 
S atm 


4. Hydrogen is used in the manufacture of 
petrol. This is done by hydrogenation of 
powdered coal or coke at a moderately high 
temperature and under very high pressure. 


5. The high heat of combustion of hydro- 
gen makes it valuable as a fuel. It is used asa 
fuel mixed with other gases in coal gas and 
water gas. Hydrogen is carried by the rocket 
as a liquid at very low temperature and is burnt 
in the rocket motor with oxygen. Liquid 
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AMMONIA 


733—773 K 
200 (atm) 


HYDROGEN. 
ZnO + Cr203 
co 723 K, 200 (atm) 


METHYL ALCOHOL 


N2 


AMMONIUM SALTS f 


METHYL CHLORIDE 
FORMALDEHYDE 


m 


SSeS 
EXPLOSIVES ¢ 


NITRIC AC!D 


SILICONES | 


Fig. 6-6. Flow sheet illustrating uses of hydrogen 


hydrogen is likely to be developed as fuel for 
motor vehicle in future. 


6. Oxy-hydrogen flames which have a 
temperature of about 2273K are used for 
welding and cutting metals. The flames are 
also used for fusing alumina to produce rubies 
and sapphires used as bearings (jewels) in 
watches. 


2He(g)+O2(g) > 2H20(g)+- enormous heat 


7. It is used as a reducing agent in certain 
metallurgical operations. 


WORK EXERCISES 
1, List important sources of hydrogen. 


> 2, Account for the fact that hydrogen is 
present in minute amounts in the atmosphere. 


3. State two methods of preparing hydro- 
gen. 


4, Hydrogen is not found free in nature, 
Comment. 


5. Answer the following questions : 
(i) Can hydrogen burn ? 
(ii) Is hydrogen lighter or heavier than 
air ? 


(iii) Does heavy water boil at higher tem- 
perature than water ? 


(iv) Can hydrogen be produced by the 
electrolysis of water ? 


(v) Is hydrogen acidic or basic ? 


(vi) Can hydrogen support combustion ? 


(vii) Is reduction a chemical process in 


which hydrogen is removed from a 
compound ? 


(viii) Can hydrogen be used as a fuel ? 


6. What is water gas? is i s 
ASIT g How is it pre 


7. What is hydrogenation ? 


8. Why have the isotopes -of hydrogen 
been assigned special names ? 


9. Name one element more reactive and 
another less reactive than hydrogen. 


10. Hydrogen gas is prepared in the labora- 
tory by the action of a metal on an acid, Give 
the diagram of the apparatus used for the 
purpose. Answer the following questions ? 


(i) Which of the following meta 
for the purpose and wh 
zinc, magnesium or sodium 


(ii) Which of the followin acids į i 
a uP preparation ari why’? afar. 
ne ie ilute BNO: or concentrated 


Is is used 
y? copper, 


(iii) It is n cessary to run th 
e e apparatus for 
sometime before col 
llecting the as, 


NITROGEN AND PHOSPHORUS 
(Group VA Non-metals) 


6-4 NITROGEN 


Symbol N 
Relative atomic mass 14 
Molecular fromula No 


Relative molecular mass 28 
Atomic number 7 


Nitrogen was probably first_recognized as 
a distinct gas by Rutherford in 1772. Lavoisier, 
later recognized its elemental nature on the 
basis of his work on combustion. He called 
the gas azote (Greek, a zoe=not life) as it 
would not support life. But its name nitrogen 
was preferred because of its close relationship 
to nitre (Greek, nitron genon=nitre former). 


Nitrogen is very much essential for all living 
organisms. Nitrogen present in the air dilutes 
oxygen ard brings down its activity to safe 
limits. Nitrogen, in the combined form as 
proteins, is needed by plants and animals for 
the life process. It cannot be directly assimila- 
ted in the free state. The process of converti ig 
free atmospheric nitrogen into its useful com- 
pounds is called fixation of nitrogen. 


Place in the periodic table and general 
characteristics. Nitrogen is a typical non- 
metal, It belongs to group VA of the periodic 
table. Its electronic configuration is 2, 5 with 
five electrons in the valence shell. It is a 
diatomic molecule. It exists as discrete diato- 
mic molecules in the gaseous, liquid and solid 
states. Two nitrogen atoms are combined by 
triple bonds. 


e NERNo oR NEN 


6-6-1 OCCURRENCE 

Nitrogen occurs abundantly, in the nature 
in the free as well as in the combined forms. 
Elemental nitrogen makes up 78% (by volume) 
of the atmosphere. It is obtained from the 
atmosphere by liquefaction and fractionation. 
It is present in certain solid nitrate deposits, 
notably as NaNOs, in the earth’s crust. Nitro- 
gen is present in the amino, acids trom which 
animal and vegetable proteins are constructed. 
It also occurs in traces as ammonia in the 
atmosphere and is produced by the decay of 
organic matter and urine, In plants, animals, 
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rock salts and mineral waters ni ists i 
trogen exists 
the form of ammonium salts. ed 


6-6-2 PREPARATION OF NITROGEN 
Commercially nitrogen is ined 

fractional distillation of ie N ie 
laboratory, nitrogen is produced by heating an 
equimolecular solution of sodium nitrite and 
ammonium chloride. These interact to give 
ammonium nitrite, which then decomposes to 
BN nitrogen. The gas is collected over 


NaNO2(aq)+NHaCl(aq) > NHgNOo(aq) 
+NaCl(aq) 
NH4NO2(aq) = Na(g)+2H2O(/) 
The assembly employed fi j i 
of nitrogen is given in Fig. 6-7. tho preparation 
NH4 CI 
NaNO2 


trogen 
6-6-3 PROPERTIES OF NITROGEN 


Nitrogen is a colourless and odourle: 
It is lighter. than air and almost insoluble in 
water. It is liquefied only with difficulty. Its 
melting point is 63:2K and boiling point is 
‘2K. Its density is 0'879 g/cm8. It i ; 
towards litmus. Sie risau 
Nitrogen is very stable and relati i 
It is neither combustible nor a SS arh 
combustion. Combustion reactions are stowed 
down by the presence of nitrogen in air. I 
dilutes the effect of oxygen in air. Ps 


1. Reaction with metals i 
however, combines with some heated Aitoren 
form nitrides which are white solids TS 


3Mg(s)+Na(g) > MgsNa(s) 
3Ca(s)-+No(g) > CagNo(s) 
2Al(s)+-No(g) > 2AIN(s) 


Nitrides decompose on i i 

rides reactin 

producing metal hydroxide and fey a 
with characteristic punzent odour. ee 
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}+6Hz0(/) > 3Mg(OH)2(s)-+-2NHa(g) 
MeaNals) Magnesium Ammonia 


hydroxide 
AIN(s)+3H20(:) > AI(OH)a(s) + NH,(g) 
Aluminium Ammonia 
hydroxide 
2. Reaction with oxygen. Nitrogen 


combines with oxygen at 3300K to form nitric 
oxide in very small yield. Such high tempera- 
tures are produced by electric sparks. 


3300K O 
No(g)+O2(g) ——-> _2NO(g) 
eis Nitric oxide 


Atmospheric nitrogen and oxygen also 
undergo this reaction during lightning. The 
reaction is reversible and is highly endothermic, 
Formerly this reaction was the basis of a 
method for the manufacture of nitric acid, 


Nitric oxide is thermally unstable and 
immediately combines with atmospheric oxygen 
giving reddish brown fumes of nitrogen dioxide, 


2NO(g)+-Ox(g) + _ 2NOx(g) 
itrogen dioxide 


Nitrogen dioxide gets dissolved in rain 
water producing nitric acid. 


2NO2(g)-+H20(/) > HNOg(aq)-+HNOg(ag) 
Nitric acid Nitrous 
acid 
3. Reaction with hydrogen. Nitrogen 
combines with hydrogen to give ammonia, The 
reaction takes place at 750K under high pres- 


sure in the presence of finely divided iron 
catalyst. 


No(g)+3H2(g) > 2NH3(g) 


The reaction is reversible and exothermic, 
This reaction is the basis of Haber’s Process 
for the manufacture of ammonia, 


6-6-4 USES OF NITROGEN 


1. The important uses of nitrogen are 
based upon its inactivity. It is used - 


(i) For providing inert atmosphere jn 
chemical processes, 


(ti) To prevent the oxidation of easily 
oxidizable substances on exposure to air, 


(ili) For providing inert atmosphere jn 
industries while handling gasoline and other 
inflammable liquids. 


(iv) In mercury thermometers for filling the 
space above mercury and thus reducing the 
evaporation of mercury. 


(v) In the packing of foods. Canned foods 


such as coffee, hydrogenated vegetable oils etc, 
retain their fiavour and colour much better if 


packed in the atmosphere of nitrogen instead 
of air. 
(vi) For filling in electric bulbs, 


2. Nitrogen is used in various processes 
for ‘fixing’ atmospheric nitrogen, 


3. {tis used in the manufacture of nitro- 
lime, ammonia, nitric acid and fertilizers. 


4, Liquid nitrogen is used as a coolant 
when low temperatures are required. 


6-6-5 COMPOUNDS OF NITROGEN 


Ammonia and nitric acid are amongst the 
important industrial chemicals. Their chemistry 
is discussed in the following pages, 


6-7 AMMONIA 


Molecular formula NH 
Relative molecular mass 17 
Electron dot structure 


oe 
Heenee y 

o 

e 

H 


Ammonia is a very important compound 
for the fertilizer industry. It is present in 
atmosphere. Decaying of organic matter, e.g., 
horns and hoofs of dead animals and dead 
plants, produces ammonia gas. It occurs in 
nature as ammonium chloride and ammonium 
sulphate which are found in some springs and 
earth’s crust The smell around toilets is also 
due to this gas. 


6-7-1 LABORATORY PREPARATION 
OF AMMONIA 


Ammonia is prepared in the laboratory by 
heating a mixture of ammonium chloride and 
slaked lime, Ca(OH)». 


PNH 4CI(s)+Ca(OH)a(s) > CaCle(s)+2H,0(1) 

+2NĦHs(g) 
the preparation of 
Fig. 6-8. A finely 


m chloride (1 part) 
placed in a round 


The apparatus used in 
the gas is portrayed in 
ground mixture of ammoniu 
and slaked lime (2 parts) is 


SLAKED LIME AND 
AMMONIUM CHLORIDE 


a, 
flask, On heating, ammonia is evolve 
the pai se passed through quicklime (for 
drying) and collected by the downward pikes 
ment of air as it is lighter than air. It ans 
be collected over water because it is hig ly 
soluble in water. Water is formed during the 
course of reaction. The flask is always posi- 
tioned in a tilted fashion to avoid the con- 
densed water drops which may trickle back on 
to the hot glass and crack it. 

h sulphuric acid and anhydrous calcium 
chloride cannot be used for drying as both 
react with ammonia. 


2NHa(g)+HeSOa(!) > (NH«)2S0a(s) 
8NHa(g)-+CaCla(s) > CaCle.8NHa(s) 
A hard glass boiling tube can also be used 
in place of round bottom flask. 
6-7-2 MANUFACTURE OF AMMONIA 


mmonia is manufactured synthetically by 
the alee combination of nitrogen and hydro- 
gen under suitable conditions. This reaction 
was discovered by a German chemist, Fritz 
Haber in 1908 and is cailed the Haber’s 


process : 


No(g)+3H2(g) + 2NHa(g) AH=-92kJ 

Nitrogen is obtained by fractional distilla- 
tion of liquid air and hydrogen is obtained 
from natural gas or by the Bosch’s process. The 
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AMMONIA 


QUICKLIME 


DRYING & 
TOWER 


Fig. 6-8, Laboratory preparation of ammonia 


two par are 
1:3 by volume, 


The reaction is reversible, exothermic and 
Proceeds with a decrease in volume, Hence, 
according to Le Chatelier’s Principle, high 
Tessures and low temperatures should give 
etter yield. At low temperatures, however, 
chemical reactions proceed slowly. In ractice, 
an optimum temperature of 773K ADA a prese 
sure of 250—1000 atm are employed. A 
mixture of two gases compressed to 250—1000 
atm is passed over finely divided iron (catalyst) 
heated to 773K. Alumina or molybdenum iş 


dried and mixed in the ratio of 


liquefies and can be separated. 
6-7-3 PROPERTIES OF AMMONIA 


Ammonia is a colourless gas with a charac- 
teristic choking smeil. Jt is lighter than air. 
It is highly soluble in water, It can be easily 
liquefied to a colouriess liquid (b.p. 240K). 

Fountain experiment to 
solubility of i 
alkaline nature, 
taken and is fitted with a rubber 
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NITROGEN 
(FROM LIQUID AIR) 


RECIRCULATION PIPE 


COMPRESSOR 


COOLING LIQUID OUT 
— 


UNCOMBINED GASES 


HYDROGEN 
(BY BOSCH PROCESS) 


COMPRESSOR 


CATALYST CHAMFER 


CATALYST (773 K) 


250 ATMOSPHERES 
PRESSURE 


COOLING CHAMBER 


t| 
COOLING LIQUID IN 


t 


LIQUID AMMONIA 


Fig. 6-9. Manufacture of ammonia by Habers process, 


with its mouth under water contained in a 
vessel. It is coloured with red litmus. On 
pressing the rubber teat of the dropper, water 
enters the flask and dissolves some ammonia 
gas. This reduces the pressure in the flask and 
the air pressure forces the coloured water 
through the jet in the form of a fountain. The 
red coloured water turns blue in colour. This 


BLUE 
FOUNTAIN 


FLASK 
CONTAINING 
NH3 GAS 


WATER 
CONTAINING 
reset RED LITMUS 


Fig. 6-10. The fountain experiment. 


shows that ammonia gas is high] i 
water and its solution is alkaline in ag = 
_ 1. Alkaline nature: (i) When ammonia 
dissolves in water it forms a weak alkali called 
ammonium hydroxide. 
NH3(g)+H20(H) > NH4OH(aq) 
NH4OH(aq) > NHat(aq)+OH-(aq) 
OH (aq) ion is responsible for turnin 
litmus solution blue. B the red 


(ii) Ammonia is a basic gas and neutrali 
acids to form salts oe 


NHa(g)+HCl(aq) > NH4Cl(aq) 


, Ammonium chloride 
2NH3(g)+H2SO4(aq) > (NH4):SO4(aq) 
mmonium sulphate 
NHa(g)+HNOs(aq) > NH4NOs(aq) 
Ammonium nitrate 
2. Combustibility. Ammon 
burn in air. It, however, burns in 
a greenish flame. (Fig. 6-11), 


ia does not 
oxygen with 


i. A aa 


uiie 


> Í WOOL 
Zira 

AMMONIA “44 

Nin 5 a < OXYGEN 


Fig. 6-11. Burning of ammonia with a green 
flame in an atmosphere of oxygen 


4NHa(g)+30:(2) > 2No(g)+-6H20(g) 
In the presence of heated platinum catalyst, the 
ammonia is oxidized to nitric oxide, which 
immediately combines 


Pt 
502(g) ——> 4 NO(g)+6Ha0(g) 
4NHa(g)-+ (8) 3k 


with atmospheric oxygen to give brown 


coloured nitrogen dioxide gas. 

°NO(g)+On(g) > 2NOx(g) 
This reaction is used in the manufacture of 
nitric acid from ammonia, 

3. Reducing properties. (i) Ammonia 
reduces heated metallic oxides of less reactive 
metals and is itself oxidized to nitrogen. 
3CuO(s)-+2NH3(g) > 3Cu(s)+3H20(g)+Nafg) 
3PbO(s)-+2NHa(g) > 3Pb(s)-+3H20(g)+Na(g) 


(ii) It reduces chlorine to give hydrogen 
chloride. 
2NHs3(g)+3Cle(g) > No(g)+6HCI(g) 

(When theend of the delivery tube from 
which ammonia gas is coming is lowered into 
a gas jar full of chlorine, the ammonia gas 
ignites spontaneously and is oxidized to 
nitrogen). 

The hydrogen chloride thus formed combines 
with excess of ammonia producing dense white 
fumes of ammonium chloride, 


NHg(g)+HCl(g) > NHaCi(s) 


If excess of Cle is used, a highly explosive 
substance, nitrogen trichloride is formed. 
NH;(g)+3Clo(g) > NCls(/)+3HCi(g) 
Nitrogen 
trichloride 


4. Complex formation. On adding 
ammonia or ammonium hydroxide solution to 
salt solutions of metals such as Cu, Zn and Ag, 
complex compounds are formed. 
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CuSOq(aq)+4NHs(aq) > [Cu(NHs)4]SO4 
ZnCle(ag)+4NHa(ag) + [Zn(NHs)4]Cla 
AgNOs3(aq)+2NH3(aq) > [Ag(NHs)2]NOs 


(From ammonium hydroxide) 


5. Formation of hydroxides. With 
solutions of salts of some metals, ammonium 
hydroxide causes precipitation of hydroxides 
of the metals, 

Alg(SO4)a(aq)-++ 6(NHaOH(ag) > 
2Al(OH)s(g)-+3(NH4)SO4(ag) 
(Gelatinous 
white ppt.) 
FeCl3(aq)+3NH,OH(aq) > 
Fe(OH)s(s)-+3NH«Cl(ag) 
(Reddish 


brown ppt.) 
6-7-4 TEST FOR AMMONIA GAS 
NHs can be recognized by its characteristic 
choking smell. 


When a glass rod dipped in concentrated 
hydrochloric acid is brought near the mouth of 
a gas jar containing ammonia gas, dense white 
fumes of ammonium chloride are formed, 


DENSE WHITE FUMES OF 
AMMONIUM CHLORIDE 


AMMONIA £ Y 
IG 
(2) |- HCI SOLUTION 


Fig. 6-12 Identification of ammonia gas 
NHg(g)+HCl(!) + NH4gC(s) 
(Dense white fumes) 


6-7-5 PREPARATION OF AN AQUEOUS 
SOLUTION OF AMMON 2 


When ammonia combines. 
ammonium hydroxide is formed, 
NHo(g)+ Hz0(1) = NH,OH(ag) 
A concentrated solution cannot be 
by just passing ammonia gas through a 
into water, since the high solubility of 


would cause the water to flow back in 
generating vessel. Hence a simple hanna 


watery: 
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Prevent sucking back is used as shown in 
Fig. 6-13. The wide opening of the funnel is 
allowed to be below the surface of water. 
When water begins to suck back, the level of 
the water in the beaker becomes lower, and 
consequently the contact between the funnel 
and the water surface is disturbed. Air then 
enters the funnel and the water falls into the 
beaker. The process is repeated until a 
saturated solution is obtained. Then the 
ammonia just bubbles through its concentrated 
solution. A solution of ammonium hydroxide 
always smells of ammonia. This is because 
the reaction of ammonia with water is reversi- 
ble. Generally ammonia is obtained in the 
laboratory by warming the concentrated 
solution of ammonium hydroxide solution in a 
flask fitted with a delivery tube. The decom- 
position is accelerated by heat and also by 
blowing air through the solution. 


NH3 GAS Ns GAS 


-> 
RUBBER 
WATER LOBE 


NH3 SATURATED 
WATER 


NH3:GAS  NH3'GAS 
> > 


Fig. 6-13 A simple device to prevent sucking back in 
the preparation of aqueous solution of ammonia 


6-7-6 EXPERIMENTS 


The following experiments can be performed 
by the students in the laboratory after receiving 
instructions from their class teachers. 


1. To prepare a sample of ammonia gas 
(Section 6-7-1) 

2. To identify the 
(Section 6-7-4) 


3. To prepare an aqueous solution of 
ammonia (Section 6-7-5) 


ammonia gas 


4, To show the basic nature of the ammonia 
gas and its aqueous solution (Section 6-7-3) 


5. To demonstrate the fountain experiment 
(Section 6-7-3) 


6. To prepare the solution of cupric tetra- 
ammine sulphate, 


Hint: Take solution of copper sulphate 
in a beaker. Add concentrated Solution (1 : 1) 
of emmonium hydroxide with Stirring. To 
Start with a pale blue copper (I) hydroxide is 
Precipitated which will dissolve, if an excess of 
ammonium hydroxide is Present, to give a 
deep blue solution of tetra-ammine complex 
of Cu (II). 

7. To observe some other physical and 
chemical Properties alkaline Nature, reaction 
with oxygen, chlorine, etc, (Section 6-7-3), 


6-7-7 USES OF AMMONIA 
Ammonia is used : 
1. In the manufacture of various fertilizers, 


such as ammonium Sulphate, ammonium 
Phosphate, ammonium nitrate, urea, etc. 


3. In Solvay’s process for the manufacture 
of sodium carbonate and sodium bicarbonate, 


4. In the manufacture of polyamide plastics 
and many organic chemicals and wood pulp. 


5. In the manufacture of artificial silk 
(rayon). 


6. Asa refrigerating agent in ice-plants, 


7. Ammonia-water Solution is used for 
removing grease stains. The solution is also 
used for cleaning window panes, porcelain tiles, 
etc. 


8. In household detergents, 


9. Liquid ammonia is used as a non- 
aqeuous solvent, 


10. Alkali Metal-ammonia solution is used 
for reduction purposes in organic Teactions, 
6-8 NITRIC ACID 
Molecular formula HNO; 
Relative molecular mass 63 
Electron-dot structure 
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Nitric acid was known as ‘aqua fortis? 
{strong water) to the early alchemists because 
of its corrosive action on many substances. In 
1658, Glauber prepared it using sulphuric 
acid and potassium nitrate (a present laboratory 
method). Traces of free nitric acid are found 
in rain water after thunderstorm and lightning. 
Lightning initiates the combination of atmos- 
pheric nitrogen and oxygen to give nitric oxide 
which combines with more of oxygen to 
produce nitrogen dioxide. Nitrogen dioxide 
dissolves in rain water to produce nitric acid, 
It is widely distributed in the form of its salts, 
viz., sodium nitrate, potassium nitrate and 
calcium nitrate. 

6-8-1 LABORATORY PREPARATION OF 
NITRIC ACID 

Nitric acid is prepared by gently heating 
equal masses of sodium (or potassium) nitrate 
and concentrated sulphric acid in a glass retort, 
The vapours of nitric acid evolved are con- 
densed as a light yellow liquid in a receive 
cooled under tap water (Fig. 6.14). 
NaNOs(s)+-H2SOa(/) > NaHSOa(s)+ HNO,(/) 
Pure nitric acid is, however, a colourless liquid. 
The yellow colour is due to the dissolving of 
nitrogen dioxide, a reddish brown gas, in the 
acid. This gas is often produced due to the 
decomposition of nitric acid by the heat of 


reaction. 
4HNO3(1) > 4NO2(g)+2H20(z)+Oo(g) 


This is why gentle heating is advised. 


' NITROGEN 
OXIDE AND 


“AMMONIA” 
BURNER 


HEATED 
PLATINUM 
GAUZE 


COOLING 


123 


Fig. 6-14 Preparation of nitric acid 
If air is bubbled through the yellow nitric 


acid obtained, the latter turns colourless 
because the nitrogen dioxide is oxidized to 
form nitric acid. 

4NO2(g)+2H20(g)+O2(g) > 4HNO3(/) 
__ This reaction is just the reverse of decompo- 
sition of nitric acid. 
6-8-2. MANUFACTURE OF NITRIG ACID 
_ Nitric acid is made by the catalytic oxida- 
tion of ammonia (Ostwald’s Process). A 
mixture of purified air (10 parts by volume) 
and ammonia (1 part by volume) is passed 
through a chamber containing platinum gauze 
at 1000-1100K (Fig. 6-15). The ammonia is 
then oxidized to nitric oxide. 


Pt catalyst 
ANHa(e)-4 SOs(s) > 4NO(g)+6H2O(¢) 
eat 


1 WATER 


1 
NITROGEN 
DIOXIDE 


AMMONIA NITRIC ACID 
AND AIR 
1 2 3 
STAGES 
Fig. 6-15. Manufacture of nitric acid 
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The reaction is exothermic-and the heat of 
the reaction maintains the required temperature 
of the catalyst chamber. The hot gases are 
rapidly cooled by passing through a large 
empty chamber. The nitrogen oxide does not 
combine with excess oxygen in the air until it 
is cooled to~323K. Then nitrogen dioxide is 
formed. 


2NO(g)+O2(g) > 2NO2(g) 


The nitrogen dioxide, mixed with excess of 
air, is then absorbed in\water to give HNO3. 


4NOa(g)+ O2(g)-+2H20(1) > 4HNOs(aq) 
6-8-3, PROPERTIES OF NITRIC ACID 


Pure nitric acid is a colourless, fuming and 
highly corrosive liquid, It attacks the skin 
leaving yellow stains. It boils at 359K. It 
freezes to a white solid at 231K, Concentrated 
nitric acid is often yellow due to dissolved 
nitrogen dioxide produced by its photochemical 
decomposition. 


The so called commercial concentrated 
nitric acid contains about 70% by weight of 
pure acid and 30% water. 


It is soluble in water in all Proportions and 
the solution has a sour taste and turns blue 
litmus red, 


1. Stability. Pure nitric acid is unstable. 
It decomposes on heating. 


Heat 
4HNO3(/) > 2H20(g)+4NO2(g)+ Oo(g) 
Hence, pure acid is not generally used. It 
is also decomposed by sunlight. 


2. Acidic properties. (i) Nitric acid is 
a very strong acid. It ionizes almost comple- 
tely in dilute solution according to the 
equation. 
HNOs(ag) = H*(aq)+NOs-(aq) 
(ii) Like other acids, it neutralizes bases 
forming salts and water. 
NaOH(aqg)+HNOs(aq)>NaNOs(aq)+H20(1) 
)a(aq)+2HNOz(aq) > Ca(NOs)o(aq) 
Ca(OH)2(49) AED a 
(iii) It reacts with basic oxides forming 
nitrates and water 
CuO(s)-+-2HNOs(aq) “> Cu(NOs3)2(aq)-+H2Q() 
PbO(s)-+2HNOs3(aq) > Pb(NO3)s(aq)+ He0(1) 
CaO(s)-+ 2HNO3(ag) > Ca(NOs)2(aq)-+H20(/) 


(iv) It reacts with carbonates and bicarbo- 
nates liberating carbon dioxide. 


Naz COs(s)+-2HNOs(aq) >+2NaNO3(aq) 
+H20(!)-+COx(g) 

KHCOs(s)+HNOs(aq) > KNOs3(aq) 
+H20(!)+COo(g) 


3. Oxidizing properties. Nitric acid 
behaves as an oxidizing agent whether it is con- 
centrated or dilute. The following reactions 
illustrate its oxidizing nature : 


(a) Reaction with metals 


Nitric acid reacts with all metals except 
gold and platinum. Its reaction with many 
metals is slowed down because it renders the 
surface passive. Aluminium if not attacked by 
the acid as its surface remains covered by a 
thin layer of aluminium oxide. Tron and 
chromium are made passive by the acid. The 
reaction products formed depend upon the 
concentration of the acid, the activity of the 
metal and the temperature, 


(i) Oxidation of magnesium and man- 
ganese, Very dilute nitric acid (say 5%) 
gives hydrogen on Teacting with magnesium 
and manganese at ordinary temperature, 


Mg(s)-+2HNO (aq) > Mg(NOs)2(aq) + Ho(g) 
Mn(s)-+2HNOs(aq) > Mn(NOs)o(aq)-+He(g) 

(ii) Oxidation of copper. With concen- 
trated acid copper is oxidized to copper (II) 


nitrate and the nitric acid is reduced to nitro- 
gen dioxide and water. 


Cu(s)+4HNOs3(aq) > Cu(NOs)o(aq)+2H20(1) 


+2NO2(g) 
With dilute nitric acid (~50%) copper is 
again oxidized to Cu(NOs)o, but HNO; is re- 


duced to nitric oxide and water, 
3Cu(s)-+8HNO3(aq) > 3Cu(NOs)a(aq) 
+4H20(1)-+2NO(g) 
(iii) Oxidation of zinc. A number of 


reduction products are formed when the acitive 
metals such as zinc react with HNOs. 


(1) Zn(s)+4HNOs3(ag) +-Zn(NOs)9(aq) 
+2H20(1)+2NO2(g) 
(2) 3Zn(s)+8HNOs(aq) > 3Zn(NOs)0(aq) 
+4H20(1)+2NO (g) 
(3) 4Zn(s)+10HNO3(aq) + 4Zn(NOs)o(aq) 
+5H20(/)-+N20(g) 


< 


(4) 5Zn(s)++12HNOs(ag) > 5Zn(NOs3)o(aq) 
+ 6H20(1)-+No(g, 
(5) 4Zn(s)-+10HNOs(aq) > 4Zn(NOs)s(aq) 
+3H20(/)+NH4NO3(aq) 
The concentration of the acid decreases from 
reaction (1) to (5) 
(b) Reaction with non-metals 
(i) Oxidation of sulphur. Powdered sul- 
phur reacts with hot concentrated nitric acid 
to give dense brown fumes of nitrogen dioxide. 
Sulphur is oxidized to its oxyacid. 
S(s)+6HNO3(aq) > H2SOa(aq)+2H20(/) 
+6NO2(g) 
(ii) Oxidation of carbon. Hot concen- 
trated nitric acid oxidizes carbon to CO% 
C(s)+4HNO3(aq) + COo(g)+2H20(/) 
+4NO2(g) 
(iii) Oxidation of phosphorus and 


iodine. Both phosphorus and iodine are oxi- 
dized to phosphoric acid and iodic acid 
respectively. 


P(s)--SHNO3(aq) > HPO.(aq)+-H2O(/) 
+5NOx(g) 
1,(s)+10HNO3(aq) > 2HIO3(aq)+10NO2(g) 
; +4H20(/) 


(c) Reaction with inorganic com- 
pounds. Concentrated nitric acid and even 
dilute nitric acid oxidizes many inorganic com- 
pounds and is itself reduced to nitric oxide. 


CONC. HNO3 


"NO2 


A 
NO2 + O2 


LIQUID 
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(i) Hydrogen sulphide to sulphur 
3H2S(g)+2HNOs3(aq) > 3S(s)--2NO(g) 
+4H20(/) 
___A saturated solution of hydrogen sulphide 
is prepared by bubbling HeS gas through water. 
To this solution a few drops of concentrated 
HNO; is added. Hydrogen sulphide is oxidized 
to sulphur which precipitates and starts floating 
on the upper surface of the solution. 


(ii) Sulphur dioxide to sulphuric acid 
3SO2(g)-+2HNOg(aq) + 2H20()-+3H2SO,(aq) 
+2NO(g) 


(ii) Iron (II) sulphate to iron (II!) sulphate, 


A small amount of nitric acid is added to a 
solution of iron (II) sulphate prepared in dilute 
sulphuric acid and the mixture is heated. The 
light green solution of iron (II) sulphate turns 
yellow or brown, due to oxidation of iron (Il) 
sulphate to iron (III) sulphate. The nitric acid 
is reduced to nitric oxide which on reacting 
with air gives brown fumes of nitrogen dioxide. 


6FeSO4(aq)+3H2SO4(aq) +2HNOs(aq) 
> 3Fe2(SO4)3(aq)+4H:0(I) +2NO(g) 
6-8-4. TEST OF NITRIC ACID 


1. Concentrated nitric acid on strong 
heating gives nitrogen dioxide and oxygen 


(Fig. 6-16). Nitrogen dioxide is Tecognized by 
penn colour. Oxygen reignites a glowing 
splint. 


OXYGEN 


Fig. 6-16. Thermal decomposition of concentrated nitric acid 
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2. When some copper turnings are put in 
conc. nitric acid contained in a test tube and 
heated, dense brown fumes of nitrogen dioxide 
are evolved. 


3. Brown ring test. Toa cold solution 
of dilute nitric acid (NO37 ion) freshly prepared 
ferrous sulphate solution is added and then 
concentrated H2504 is added slowly along the 
walls of the tube. HəSO4 forms the lower 
layer (denser than aqueous solution of FeSOx,). 
On the junction of the two layers a brown ring 
appears. Some heat is produced which — is 
sufficient to initiate the reduction of NOs- ion 
to NO (forms a brown complex with FeSOx). 
On stirring the solution, the ting disappears as 
a result of heat produced during mixing of 
H2SO4 with aqueous solution and the whole 
solution becomes black. The following reac- 

tions take place : 


3Fe?++-NO3-+4H+ > 3Fe3+-+-NO+2H20 
FeSO4+NO > FeSO4.NO 
(Brown complex) 


Heat 
FeSO4+-NO > FeSO44-NO 
68-5. EXPERIMENTS 

The following experiments can be per- 
formed by the students in the laboratory after 
receiving instructions from their class teachers : 

_ 1. To demonstrate the oxidizing proper- 
ties of nitric acid by using the following 
substances : (i) HoS gas, (ii) copper turnings, 
and (iii) iron (II) sulphate solution (Section 
6-8-3, Oxidizing properties of HNOs). 

2. To identify the nitric acid and nitrates 
by the brown ring test. (Section 6-8-4) 

3. To study the effect of dilute and con- 
centrated nitric acid on copper. (Section 6-8-3, 
Oxidizing properties of HNOs). 

4. To study the reaction of nitric acid on 
aluminium strip. 

(Hint : Aluminium is not attacked by the 
acid). 


6-8-6. USES OF NITRIC ACID 
Nitric acid is chiefly used as given below : 


1, In the manufacture of fertilizers 
(ammonium nitrate and calcium ammonium 
Nitrate), explosives (nitroglycerin dynamite, 

» picric acid, gun cotton), dyes, plastics, 
drugs, perfumes, textiles (cotton, wool and 
linen) synthetic fibres, photographic films, 

2. In the extraction of certain metals. 


3. In the refining 


of certain metals, e.g., 
Ag and Au. 


4. In industries producing artifical silk and 
cellulose nitrate. 


5. Inthe manufacture of chemicals, e.g., . 
Phosphoric acid from Phosphorus and oxalic 
acid from carbohydrates. 


6. In the manufacture of different nitrates 
which are used as fertilizers, and in some 
medicines, photography and in fireworks. 


7. Asa laboratory reagent. 


8. For etching designs or names upon 
metals like copper, brass and bronze. 


6-9, PHOSPHORUS 


Symbol P Relative atomic mass 31 
Molecular P4 Relative molecular mass 124 
formula 

Atomic number 15 


Phosphours was recognized in 1669 by 
Brand. Itsname has been derived from its 
unique preperty of ‘glowing’ in the dark 
(phosphorescence). 


Phosphorus, like nitrogen, is needed by all 
living beings because ıt enters the composition 


of some proteins (both vegetable and animal 
proteins), 


Place in the Periodic table and general 
characteristics 


Phosphorus is the second element of group 
VA. Its electronic configuration is 2, 8, 5, 
The valence sheil of its atoms contains 5 elec- 
trons. Phosphorus atoms unite into diatomic 
Po, tetratomic P4 and polymeric Pa molecules, 
P2 molecules have a structure similar to that of 
Neg and exist only above 1273K. In the liquid 
or vapour form (below 1273K), P4 molecules 
are stable. 


6-9-1. OCCURRENCE 


Phosphorus is the only element of group 
VA that does not occur free in nature. It is 
the most abundant of the elements in group 
VA. _ It ranks tenth among the elements in the 
earth’s crust, 0:1% by weight. It is found in 
phosphate deposits, e.g., phosphorite 
Caa(PO4)2, fluorapatite, CaF2.3Ca3(PO4)2, or 
hydroxyapatite Ca(OHg).3Cag(PO4)o. 

Phosphorus is an essential constituent of 
bones, teeth, muscles, brain and nerve tissues, 


In animals, it is also present in proteins of milk 
and blood. In plants, phosphorus is contained 
chiefly: in the seed proteins. The bones of 
animals (phosphorus as hydroxyapatite) and 
tock phosphates [Cag(PO4)s] are the main 
sources Of phosphorus. 


16-9-2 ALLOTROPY IN PHOSPHORUS 


Phosphorus exists in several allotropic 
forms of which only two are important. These 
are white or yellow and red phosphorus. 
White phosphorus exists as P4 molecules 
(tetrahedral). Red phosphorus has a polymeric 
type of structure resulting from the partial 
breakdown and interlinking of P4 tetrahedra. 
The red variety is the stable form of phos- 
phorus. White phosphorus is unstable and 
changes very slowly at room temperature to 
the stable form. Red phosphorus can be 
obtained by heating the white form, in the 
absence of air, for four or five days at 523K. 


a D 
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_Red phosphorus can be reverted back to 
white phosphorus by heating, in the absence of 
air, until it vapourizes and then condensing the 
vapour. A comparison. of the Properties of 
the two allotropes of Phosphorus is given in 
Table 6-4. 


6-9-3 CHEMICAL PROPERTIES OF 
PHOSPHORUS : 


1. With Oxygen. The most important 
Property of white phosphorus is its reaction 
with oxygen. Because of its low ignition tem- 
perature, it catches fire in oxygen (or air) pro- 
ducing dense white fumes consisting of the 
oxides of phosphorus. 


Pa(s)+302(g) > 2P203(s) or P40,(s) 
‘hosphorus trioxide 


Pa(s)+502(g) > 2P20s(s) or P4O10(5) 
Phosphorus pentoxide 


P 
White or yellow Red phosphorus 
phosphorus 
Table 6-4 Physical and chemical properties of white and red phosphorus 
S. No. Property White phosphorus Red phosphorus 
1. State and colour White waxy solid Purple-red amorphous powder 
2. Density (g/cm*) 1'8 22 
3. Smell Garlic-like Nosmell 
4. Meeting point (K) 317 713—873 (under pressure) 
5. Toxicity Very poisonous Non-poisonous 
6. Solubility Insoluble in water ; soluble in CS, Insoluble in wat, 
and other organic Solvents i organic solvents- and CS, and other 
7. Ignition Ignites at 308K ; burns spontaneo- Ignites at 530K 
usly in air 
8. Phospherescence Greenish glow No phosphorescence 
9, Reactivity Very reactive Less reactive. 
fo. Storage Unde ait nay ging Po, Canby Someday 
: A gnites spontaneously giving cacts Í : 
11. Reaction with Cls and PCI, * pay, heating forming PCI, ang 
Produces PH, on heating No reaction 


12. Reaction with alkalies 
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Phosphorus pentoxide reacts vigorously 
with water forming phosphoric acid. 
PaO10(s)+6H20(!) > 4H3PO.(aq) _ 
Phosphoric acid 
White phosphorus glows in the dark be- 
cause its vapours are oxidized by atmospheric 
oxygen with the emission of light. 


Red phosphorus burns to give P2O5, only 
when heated above 533K. 


_ 2. With chlorine. Phosphorus reacts 
with the halogens exothermally. White phos- 
. ignites spontaneously in chlorine to 
‘orm tri- and pentachlorides. 
Pa(s)+6Clo(g) > 4PCla(/) 
PCls(/) + Clo(g) > PCls(s) 
(Excess) 


or Pa(s)-+10Clo(g) > 4PCl5(s) 


Red phosphorus, also reacts with chlorine 
at high temperature forming tri- and penta- 
chlorides. 


Phosphorus also reacts with bromine and 
iodine. 


3. With acids. White phosphorus reacts 


explosively with conc. HNOg (reduced to NO3). 


Phosphorus is oxidized to phosphoric acid. 
P4(s)-+20HNOs3(aq) + 4H3PO4(aq) 
: +20NO2(g)+-4H20(/) 

Concentrated HNO3 reacts vigorously on 
warming with red phosphorus in the presence 
of a trace of iodine as catalyst. 

Hot concentrated H2SO4 yields phosphoric 
acid with phosphorus and is itself reduced to 
SO2 


Pa(s)+10H2SO4(aq) > Oaa Oale) 


4H20(1) 
4. With alkalies. White phosphorus 
reacts with hot strong aqueous caustic soda 


(NaOH) or KOH to form phosphine (not 
hydrogen). 


Heat 
P4(s)-+-3KOH(aq) +3H20(1) ——+ 
f PH3(g) + 3KH:P0,(aq) 
Phosphine Potassium 
hypophosphite 
Red phosphorus does not react with 
kalies, 


694' USES OF PHOSPHORUS 


Some of the important uses of phosphorus 
-aro listed below : 


1. Phosphorus is used in the manufacture 
of phosphoric acid (used in the preparation of 
phosphatic fertilizers), phosphorus pentoxide 
(dehydrating agent), sodium metaphosphate 
(used for softening water), phosphor-bronze, a 
very hard alloy of copper, tin and phosphorus 
(being highly resistant to corrosion is used in 
making electrical gadgets), phosphine (used for 
producing smoke screen), etc. 


2: Itis used in making its chlorides and 
sulphides which are used in the manufacture 
of insecticides and plasticisers. 


3. It is used in the manufacture of certain 
complex organic phosphates which are con- 
stituents of synthetic detergents. 


5. Red phosphorus is used in the manu- 
facture of tetra-phosphorus trisulphide, P4S3 
which is used in making matches. 


5. It is used in making rat poisons, 


6. As the combustion of white phosphorus 
produces dense white smoke, Phosphorus is 
used for making incendiary bombs, smoke 
bombs and fireworks. 

WORK EXERCIES 


1. List important sources of nitrogen and 
phosphorus. 


2. Give reasons for the following : 


(i) Nitrogen is present in plenty in the 
atmosphere, 


(ii) Nitrogen is very stable and inert. 


(iii) Combustion reactions are slowed down 
by the presence of nitrogen., 


(iv) Traces of free nitric acid are found in 
the rain water after lightning. 


(vy) Ammonia is not collected over water, 


(vi) Concentrated nitric acid lying in a 
reagent bottle becomes yellow, 


(vii) Phosphorus does not occur free in 
nature. 


3. Answer the following questions : 


(i) Is nitrogen lighter or heavier than air ? 
(i) Is eumenie lighter or heavier than 
air 


(iii) Is ammonia acidic or basic 2 


(iv) Is magnesium nitride a starting material 
in the preparation of ammonia ? 


$$ nny 


(v) is nitrogen is used in the Haber's 
process ? 

(vi) Which compound of ammonia is used 
for making explosives ? 

(vii) Name the two metals which liberate- 
hydrogen with dilute HNOs. 

(viii) Name the compound which gives dense 
white fumes with NH3. 

(ix) Give the reaction in which ammonia 
burns with a greenish flame, 

(x) Which of the two allotropic forms of 
phosphorus is more reactive ? 

4. (i) In what form is the ammonia driven 
off from its aqueous solution ? 

(ii) Name the compound formed during 
the dry distillation of coal. 

(iii) Name the compound produced during 
lightning: 

(iy) What is nitrolime ? Give its use. 

(v) Give a few reactions which support 
the reducing nature of ammonia. 

(vi) Give a few reactions of nitric acid and 
non-metals which support the oxidizing 
nature of HNO3. 

(vii) What happens when white phosphorus 
reacts with caustic soda ? 

5. How will you get O2, Neand He using 

HNOs ? 
6. Suggest a method using HNO3 for the 
preparation of the following : 
(i) COs, (ii) NO2 
(iii) S (iv) NH4NOs. 
7. Suggest a method using ammonia for 
the preparation of the following : 
(i) N2 (ii) NHyNOs 

(iii) HCI (iv) HNOs 

8. Justify the placement of nitrogen and 

phosphorus in the same periodic group. 

9. (a) Which allotropic forms of phosphorus 
is used in safety matches 2 


(b) What are the names of the element 


8 
pi 7 and 15 

whose atomic number are | 
respectively. Give the significance of 


their names ? 
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(c) What happens when : 


(i) PaOjg reacts with water. 
(ii) HS reacts with HNOs. 
(iii ) es nitric acid is heated. 
iv) So i i i 
(iv) Pi cium : oe is treated with 
(v) CuSO; solution is treated with an 
excess of ammonium hydroxide. 


(vi) Phosphorus is treated with H2SO4. 


10. (i) Describe briefl i 

ibe y the prepara 
_ ammonia in the jaole ea 
(ii) Suggest a method for preparing an 


aqueous solution of am ia i 
laboratory. art 


OXYGEN AND SULPHUR 
(Group VIA Non-metals) 
6-10. OXYGEN 
Symbol O Relative atomic mas: 
s 15:999 
Molecular O2 Relative moleculer mass 31'998 
formula Atomic number 8 


Scheele discovered oxygen some i 
the period 1771-3 but did not AEE ee 
his discovery until 1777. In the meantime. 
Joseph Priestley prepared oxygen on Ist Augu t, 
1774 by heating mercuric oxide with in 5 
He also produced oxygen by heating red lead. 
He named the gas ‘dephlogisticated air’. 
Priestly related his discovery to Lavoisier, wh ; 
considered its significance in relation ton His 
own work—combustion, respiration a: d 
calcination of metals. Lavoisier recognized th 
gasas an element, finally naming it ox; 3 
See aes means sour or acid, genon a 

r. as the produ i 
appeared to him to be acidic, oi. sonoustian 


Oxygen is the most indispensi 
elements for almost all forts Or TE a the 
organisms derive energy for their vital fonction 
through oxidation of substances b ees 
(through respiration) in their body. DNs oa 


Place in the periodi: 
charactstintice Senape 


Oxygen is a typical non- 
tronic arrangement is 2, 6 with, 6 cee er 
the valence shell. It is placed in Tons in 
of the periodic table. group VIA 


Oxygen shows all i 
molecule. It exists met ae 


and general 


Sa diatomi 
tomic 
orm of discrete 
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molecules. Two oxygen atoms are joined 
together by double bonds. 


ee eco 
0250 or 


6-10-1. OGCGURRENCE 


Oxygen occurs in the native state’ in the 
atmosphere as diatomic Molecules, O(g) 
forming about one fifth of the atmosphere by 
weight. It also exists in the combined form in 
water and in the soil and rocks of crust of the 
earth (50% by weight). In earth’s crust, it 
mainly exists as oxides and oxyanions. Quartz 
and sand (SiOz) are the important oxides, 
Examples of compounds in which oxygen is 
present in the oxyanions are nitrate, NO37; car- 


bonate, CO3-; sulphate, SO2- ; orthophosp- 
hate. POJ; and silicates Si03-. 


Atmospheric oxygen contains the three 
isotopes of oxygen : 180, 120 and 180, In the 


Upper atmosphere, a small amount of atomic 
oxygen is formed due to the action of ultra- 
violet light from the sun and cosmic rays caus- 
ing dissociation. 


O2(g)-+hy > 20(g)+energy 


These atoms are captured by other 
molecules forming ozone, 
oxygen. 


Oz 
an allotrope of 


02(g)+O(g) > Os(g) 
Ozone 


6-10-2. ALLOTROPY IN OXYGEN 


Oxygen has two allotropes, i.e., oxygen (Og) 
and ozone (Os). Oxygen is the usual and most 
abundant form of oxygen. It has a Special 
significance for life on earth. Ozone is mainly 
present in the upper part of the atmosphere. It 
is formed by the action of ultraviolet rays on 
oxygen (i.e, oxygen can be converted into 
ozone). It may also be prepared by Passage 
of an electric discharge through oxygen at low 
pressure. It exists as triatomic molecules. It 
helps in preserving life on the earth by absorb- 
ing mach of the harmful ultraviolet rays in sun- 
light. Ozone is a highly reactive substance. ft 
acts as a powerful oxidizing agent. It decom- 
poses giving oxygen on heating. 


203(g) > 30a(g) 


§-10-3. PREPARATION OF OXYGEN 


Oxygen is prepared in the laboratory by 
heating a mixture of Potassium chlorate and 
Manganese dioxide in the ratio of 4: 1, 


MnO,(s) 
2KCIO3(s) + 2KCI(s)+30a(g) 
Heat 


Manganese dioxide acts as a catalyst. In 
the presence of Manganese dioxide catalyst, 
KClO decomposes at a comparatively low 
temperature. It is collected in gas jars by the 
downward displacement of water (Fig. 6-17). 


POTASSIUM 
CHLORATE 
AND 
MANGANESE 
DIOXIDE 


DELIVERY 
TUBE 


Fig. 6-17. Preparation of oxygen. 


Oxygen is obtained commercially by lique- 
faction of air and subsequent fractional dis- 


tillation of the liquid to Separate Oo from No, 
Very pure oxygen is produced by electrolysis of 
water. 


6-10-4. PROPERTIES OF OXYGEN 


Oxygen is a colourless and odourless gas 
and is slightly heavier than air. It is slightly 
soluble in water (~4%). Itis neutral toward 
litmus. It liquefies at 90K to a pale blue liquid 
and freezes at 54K to a blue solid, 


It does not burn but Supports combustion. 
Oxygen is a very active element and combines 
with many other elements both metallic and 
non-metallic and a large number of corapounds, 


1. Combustion of non-metals in 
Oxygen. Aj] non-metals except the halogens, 
noble-gases and nitrogen burn in oxygen. A 


DEFLAGRATING 
SPOON 


OXYGEN 


PHOSPHORUS 


Fig. 6-18. Burning of phosphorus in oxygen 


P4(s)+302(g) > PaOc(g) 


P4(s)+502(g) -> PaO10(g) 
(Excess) 


ll piece of sulphur burning with a 
nie pias fame is plunged into a gas jar full of 
Herts It burns much more brightly to give 
a gas with choking smell. 
S(s)+O2(g) > SOx(g) 
il lump of carbon heated to red heat 
aai brightly in the presence of oxygen, 
forming carbon monoxide or carbon dioxide. 
C(s)+O2(g) > 2CO(g) 
C(s)+O2(g) > 2CO2(g) 
(Excess) 

Oxygen reacts readily with hydrogen form- 

ing water. 
2H2(g)+Oa(g) > 2H20(/) 

2. Combustion of metals in oxygen. 
Active metals and some other metals pura ja 
oxygen. Noble metals such as gold, platinu m, 
etc, are immune to oxygen. A small piece of 
sodium is heated in a a aE poon E 
first melts to aeien u eed rea Aes 

i me. we . 
gadget i! more brightly giving sodium 
peroxide (pale yellow solid), 

2Na(s)+O2 > Na202(s) 


ium is ignited and 
iece of magnesium is igQl 
As fa oa with oxygen. It burns even more 
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brilliantly forming a white powder, magnesium 
oxide. 


2Mg(s)+Oa(g) + 2Mg0(s) 


Oxygen combines slowly with copper and 
mercury on heating. It reacts spontaneously 
with lead (molten form), on heating, forming 
lead monoxide, 


3. Combustion of compounds in oxy- 
gem. Many compounds when they are burnt 
or roasted in oxygen form the oxides of their 
constituent elements. Sometimes oxygen com- 
bines with the compounds as a whole, e.g. 


2BaO(s)+O2(g) > 2BaOo(s) 


Hydrocarbons burn in oxygen giving a mixture 
of carbon dioxide and steam. 


CHa(g)+Oa(g) > CO2(g)+2H20(g) 


Some other organic compounds 
carbon dioxide and steam with oxygen. 


C2HsOH(!)+O2(g) > 2CO2(g)+3H20(g) 
(Alcohol) 


C12H22011(s)+0O2(g) > 12CO2(g)-+11H20(g) 
(Sugar) 


form 


Carbon disuiphide and hydrogen sulphide, 
when burnt in a plentiful supply of oxygen, 
yieid sulphur dioxide. 


CSo(1) +302(g) > CO2(¢) +SOa(g) 
2HeS(g)+302(g) + 2H20(g)+2S02(g) 


Metallic sulphides when roasted in air give 
sulphur dioxide and the metal oxide. 


2ZnS(s)+302(g) > 2ZnO(s)+280s. 


(This type of reaction is useful in the extraction 
of metals). 


Oxygen oxidizes some other compounds 
also, e.g., ammonia, when burnt in oxygen, 
yields nitrogen and steam (Fig. 6-11) 


4NH3(g)+ Oa(s) > 2No(g)+6H20(g) 
More examples : 
2NO(g)+02(g) > 2NOs(g) 
4FeSO4(q)-+2H2SO4(aq)+Oo(g) > 
2Fe2(SO4)s(aq)-+-2H20(1) 


Oxygen oxidizes some compounds in the 
presence of a catalyst, e.g., 


Pt 
SOx g)+ O2(g) > 280s(g) 
Heat 
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CuCle 
4HC\(g)+ Oo(g) > 2H20(g)+2Cle(g) 
Pe 
4NN3(g)-+502(g) > 4NO(g)+6H20(g) 
Heat 
6-10-5. USES OF OXYGEN 
Most of the uses of commercial oxygen are 
based upon the property that the element acts 


as an oxidizing agent. Some of the important 
uses are listed below : 


1. In the manufacture of nitric acid, 
methyl alcohol, ethylene oxide and other 
chemicals. 


2. Asa propelling fuel in rockets, satel- 
lites, missiles, etc. in the form of liquid oxygen. 


3. In oxy-acetylene torches for the high 
temperature welding and cutting of metals. 


4. In bleaching and in thickening of oils 
used in making varnishes, linoleum, etc. 


5. In making explosive cartridges by mix- 
ing it with carbon dust to be used in coal 
mining in place of dynamite. 


6. Vital for combustion processes. 


_ 7. Used in the production of steel because 
it removes carbon and other impurities more 
rapidly than air. 


8. Used in the extraction of metals. 


9. Used as an oxidizing agent for many 
Processes. 


10. Makes drinking water more palatable. 
Helps in destroying harmful bacteria and 
decaying animal and vegetable matter in soil, 
rivers and harbours by oxidation, 


11. Used as an aid to respiration where the 
amount of oxygen in air is insufficient, e.g., at 
high altitudes, in deep mines, in submarines, 
etc, Mountaineers, astronauts, deep-sea divers 
and miners, etc, take self-contained oxygen 
equipment for breathing. 


12. Used as an aid to respiration in medical 
and dental practice. It is supplied where lungs 
are weak or injury makes artificial respiration 
impracticable and in the resuscitation of 
victims of coal gas poisoning and other acci- 
dents. Dinitrogen oxide and other anaesthetics 
are administered with oxygen, 


6-11. SULPHUR 

Symbol S Relative atomic mass 3251 
Molecular Sg Relative molecular mass 256:8 
formula Atomic number 16 


Sulphur has been known since early times, 
being used by Egyptians and the Greeks as a 
yellow colouring material. ‘Alchemists tried to 
incorporate its ‘yellowness’ into other subs- 
tances in attempts to produce gold. The name 
‘sulphur’ has been derived from the sanskrit 
word, ’sulvari, which means ‘enemy of copper’. 
Lavoisier recognized sulphur as an element in 
1777. 


Because of its occurrence near volcanoes, 
sulphur commanded the awe of ancient man. 
Sulphur has been proved to be one of the 
cornerstones of chemical technology, mainly 
because of the industrial importance of 
sulphuric acid and the agricultural importance 
of sulphate fertilizers, 


Place in the periodic table and general 
characteristics 


Sulphur is the element of group VIA. Its 
electronic configuration is 2, 8,6. The outer- 
most shell of its atom contains 6 electrons. It 
tends to add two electrons to form $2- ions or 
form two covalent bonds to attain their octets 
of electrons. 


The atoms of sulphur usually do not show 
multiple bonding like oxygen. Sulphur in the 
solid state exists as Ss which has the following 
structure known as the puckered ring structure, 


The Sg rings also 
gaseous states, 


6-11-1 OCCURRENCE 


persist in the liquid and 


Sulphur is found extensively in the earth's 
crust both in the free elemental state and in 
the combined state. Free sulphur occurs in 


large natural deposits near volcanoes and can 
be mined without further purification. The 
large sulphur deposits occur near the Gulf of 
Mexico and in Sicily. Its deposits are also 
found in Japan, Italy and USA (Texas and 
Louisiana). In the combined state, sulphur 
occurs as sulphides (iron pyrites, FeSa ; galena, 
PbS; zinc blende, ZnS ; copper pyrites, CuFeS2; 
etc.) and sulphates (barite, BaSO,; gypsum, 
CaSO4.2H20) of metals. To some extent it also 
occurs in volcanic gases as hydrogen sulphide, 
HS and sulphur dioxide, SOs. 


Sulphur is also a constituent of much 
naturally occurring organic matter such as 
petroleum (in the form of HeS) and coal. Its 
presence in fossil fuels causes environmental 
and health problem because sulphur and its 
compounds undergo combustion giving sulphur 
dioxide, an air pollutant. 

It is also present in various forms in plants 
and animals, It is present in onion, garlic, 


mustard, ~23, protein, oils, etc. 
6-11-2 EXTRACTION OF SULPHUR 


Since the deposits of sulphur are usually 
found at a depth of 150-500 metres below the 
surface of the earth, under layers of quicksand 
and gravel, this makes its direct mining impossi- 
ble. It is extracted by the Frasch method. Three 
concentric pipes are sunk to reach the deposits. 
Superheated water under pressure is forced 
down the outer pipe aad compressed air is 
blown down the central shaft (innermost pipe). 
Water melts the sulphur. The molten sulphur 
forms a froth with the compressed air. The 
compressed air also forces up this froth to the 
surface through the middle-pipe. It is then 
allowed to cool and solidify into vats. This 
sulphur is of about 99.9% purity. This method 
is used in USA. 

Small amount, but a highly pure sample of 
sulphur can be obtained by burning hydrogen 
sulphide. in a limited supply of air. 

2H2S(g) +02 > 2S(s)+2H20(/) 


Be ee 
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HOT 
COMPRESSED 
AIR 


SULPHUR 

‘FOAM 
SUFER 

==<— HEATED 
WATER 


LAYER 


MOLTEN 
SULPHUR 


Fig. 6-19 Extraction of sulphur by 
Frasch process 


6-11-3 ALLOTROPY IN SULPHUR 


Sulphur can exist in several allotropi 
forms. There are perhaps over a doz 
different sulphur allotropes. The most common 
of the well-characterized sulphur allotropes are 
the orthorhombic and monoclinic forms, Both 
contain covalently bound Sg puckered rings, 
the difference in the allotropes being a 
difference in the crystal packing of the Sg units. 
Orthorhombic: sulphur, the most stable form at 
ordinary temperature, changes to the mono- 
clinic above 368:6Ķ. However, the inter- 
conversion between the two forms is slow. 
These, ONS porsan soluble in non-polar 
solvents such as benzene, ca i i 
ether and alcohol. ron cdnnip aide; 


A third unstable but important allotr i 
o 
called plastic sulphur. This is an amorphous 
solid obtained from a supercooled liquid. This 
is p aoe See substance which can be drawn 
into long threads. It contain i 
chains of sulphur atoms. U 


E a 


Plastic sulphur—composed of helical chains 
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Table 6-5 Physical properties of allotropes of sulphur 


Property Rhombic 


Monoclinic Plastic 
Colour Pale yellow Yellow Yellowish-brown 
State Ociahedral crystals Needle-like crystals Rubber-like mass 
Melting point, K 387:5 392 No definite m.p. 
Density (g/cm*) 206 1:98 1:95 
lubility in carbon 
Sfoulohige Soluble Soluble Insoluble 


It is insoluble in non-polar solvents. After 
a few days the long chains slowly disintegrate 
and reform the small Sg rings which crystallize 
gradually in rhombic lattice. A comparison of 
the physical properties of the allotropes of 
sulphur is given in Table 6-5, 


6-11-4 PROPERTIES OF SULPHUR 


Sulphur is a pale yellow solid with no 
odour. It is insoluble in water. It is soluble 
in carbon disulphide, acctone, and carbon 
tetrachloride. When crushed roll sulphur 
(commercial form) is heated in the absence of 
air the following changes takes place : 


(i) At 387K, it melts to an amber-yellow 
mobile liquid. 


(ii) At 453K, it becomes a thick black 
liquid which does not flow out of the test tube. 


(iii) Near the boiling point, 717K, the black 
mass again becomes mobile and reddish-brown 
in colour. On further heating, it starts boiling 
and yellow vapours of sulphur are given off. 


Sulphur burns in air with a blue flame from 
sulphur dioxide. 


l. Reaction with metals. Sulphur 


combines with many metals giving sulphides on 
heating. 


Fe(s)+S —> FeS(s) 

Mg(s)+S + MgS(s) 

Zn(s)+S > ZnS(s) 

Cu(s)+S + CuS(s) 
2. Reaction with non-metals. Various 
non-metals that react with burning (or pre- 
heated) sulphur include fluorine, chlorine, 


bromine, hydrogen, oxygen, carbon, phos- 


phorus, etc. Tt reacts less readily with non- 
metals than oxygen, 


S+ 3F2(g) > SFag) 
(Excess) 


S+ 2Clə(g) > SCla(g) 
(Excess) 


S+02(g) + SOc(g) 
S+H2(g) > H2S(g) 


3. Reaction with acids. Sulphur does 
not react with aqueous hydrochloric acid but 
reacts with oxidizing acids. 


S+6HNOs,(aq) > 2H20(1)+ HeSO4(aq) 
+6NO2(g) 
S+2H2SO4(aq) > 2H20(!) +3802(g) 
4. Reaction with alkalies. Sulphur 


seacts with hot concentrated solutions of 
alkalies giving sulphides and sulphites. 


3S+6NaOH(aq) > 2NagS(aq)-+- NagSO3(aq) 
+3H,0 


6-11-5 USES OF SULPHUR 


(i) Sulphur is widely used in the manu- 
facture of sulphur dioxide and sulphuric acid. 


(ii) Sulphur is used to produce very hard 
vulcanite or ebonite (vulcanising rubber). 


(iii) Sulphur is used in producing impor- 
tant chemicals, These include carbon disul- 
phide, sulphur dyes, calcium and magnesium 
bisulphites (bleaching agents), phosphorus 
trisulphide (used in match industry), ete. 

(iv) Sulphur is usedin the manufacture of 
explosives, e.g., gunpowder (sulphur, carbon 
and potassium nitrate), fireworks and matches. 


(v) It is used as a germicide and insecticide 
for controlling growth of fungus in plants. 


_ (vi) It is widely used in . medicines—in 
ointments for treating skin diseases and for 


manufacturing sulpha drugs. Sulphur and its 
compeunds are commonly used in the 
Ayurvedic system. Mercuric sulphide is used as 
an Ayurvedic medicine under the name of 


Makaradhwaj. 
6-11-6 COMPOUNDS OF SULPHUR 


Sulphur forms a large number of com- 
pounds. Hydrogen sulphide, sulphur dioxide 
and sulphuric acid are amongst the important 
compounds. Their chemistry is being discussed 


in the following pages. 
6-12 HYDROGEN SULPHIDE 
Molecular formula H2S. 
Relative molecular mass 34:1 
H ° "A ae H 
e s o 
eo 


Electron dot structure 


js an important com- 
with hydrogen. This 
compound occurs naturally in some volcanic 
gases and in certain mineral waters. Petroleum 
gases also contain hydrogen sulphide. Air also 
ccntains hydrogen sulphide in small quantities. 
This hydrogen sulphide is formed by the decay 
of plants and animals containing sulphur 


proteins. 
6-12-1 


Hydrogen sulphide 
pound of sulphur 


LABORATORY PREPARATION 
GF HYDROGEN SULPHIDE 
Hydrogen sulphide is usually, prepared by 
the action of dilute hydrochloric oF dilute 
sulphuric acid on iron (If) sulphide. 
FeS(s)-+H2SOa(aq) > FeSOqaq)+ HeS(g) 
The apparatus used for the preparation of 
the gas is portrayed in Fig. 6-20. It consists of 


s DILUTE H: SO4 


CARDBOARD 
COVER 


rig eo re as ware 


H2S 


Fig. 6-20 Preparation of hydrogen sulphide 
gas in the laboratory 
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a Wouife’s bottle fitted with a thistle funnel 
and a delivery tube. A flat bottomed flask can 
also be used in place of Woulfe’s bottle. Iron 
sulphide is placed in Woulfe’s bottle and dilute 
H2SO4 or HCI is poured through the thistle 
funnel. The thistle funnel is always kept dipped 
into the solution to avoid the evolution of gas 
formed through the stem of the funnel. 


DILUTE 


H2S GAS' 


Fig. 6-21 Preparation of hydrogen 
sulphide in the laboratory g 


The gas is collected by upward displacemen 
. . t 
or air. Alternatively, it may be REA over 

ot water (Fig. 6-21), hydrogen sulphide being 
fairly soluble in cold water. The gas may be 
dried over phosphorus pentoxide. 


Intermittent supply of hydrogen sulphide 


Hydrogen sulphide is often required i 

c t 
laboratory. For this reason, tHe one is dena 
prepared in a Kipp’s apparatus. Pieces of iron 


Fig. s-22 Continuous supply of 
gas in the mid ot He 
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sulphide are placed in the central compartment 
(B) and dilute sulphuric acid is poured through 
the upper compartment (A). The upper part 
A of the assembly can be detached. Its stem 
goes upto the bottom of compartment C and 
through this stem acid reaches compartment 
B via compartment C. When the tap T is 
opened, the acid rises into the compartment B. 
Here the acid reacts with iron sulphide to 
produce HS. The gas is taken out through 
the side tube. When the apparatus is not in 
use, the tap T is closed. On closing the tap, 
the pressure of the gas in compartment B 
increases. As a result of this, the acid goes 
back into the compartment A through com- 
partment C, and the production of the gas 
stops, 


6-12-2 PROPERTIES OF HYDROGEN 
SULPHIDE 


Hydrogen sulphide isa gas and therefore,a 
covalent compound. It hasa characteristic 
repulsive odour like that of rotten eggs. It is 
colourless and poisonous in nature. If inhaled 
in excess, it may be fatal. It is heavier than air 
and soluble in cold water. 

l. Acidic mature. It is fairly solublein 
water and its solution is weakly acidic in 
nature. The acidity is caused by the slight 
ionization of the dissolved gas to give hydrogen 
ions (or hydronium ions). It turns blue litmus 
paper red. 

H2S+H20 > H3s0+ + HS- 
Hydrosulphide 
ion 
H20-+HS- — HOt + 
Hydronium 
ion 


s2- 
Sulphide 
ion 
2. Reaction with alkalies. An aqueous 


solution of H2S (acidic) reacts with alkalies 
forming salt and water. 


NaOH(aq)+H2S(aq) > H20(1) + NaHS(aq) 
Sodium 

hydrosulphide 

2NaOH(aq)+HeS(aq) > 2H20(1)+ NazS(aq) 
Sodium 

sulphide 

3. Combustibility. It is not a supporter 


of combustion but itself burns in air witha 
pale blue flame. 


In a plentiful supply of air, steam and sul- 
phur dioxide are formed. 


2H9S(g)+-302(g) > 2H20(g)+2S802(g) 


In a limited supply of air, free sulphur is 
deposited. 


2H2S(g)+O2(g) > 2H20(g)+2S(s) 


4. Reducing nature. In many of its 
reactions, H2S gives up its hydrogen to reacting 
substances, and gets itself oxidized to sulphur. 
For example . 

(i) Ifa gas jar of HeS is mixed with one of 


SO, in the presence of moisture, a yellow 
deposit of sulphur is obtained. 


Moisture 

2H2S(g)+S02(8) ———-> 2H20(/)+38(s) 

Sulphur dioxide is a powerful reducing 
agent, but differs from HS in that sulphur is 
deposited only in the presence of moisture. 

(ii) Halogens also react with HeS giving 
free sulphur. 

Xo(g)+HaS(g) > 2HX(g)+S8(s) (X=Cl, Br) 

H2S(g)+Bro(/) > 2HBr(g)-+S(s) 


(iii) Concentrated sulphuric acid is reduced 
o aloha when HS gas is bubbled through 


HSOa(aq) +3H2S(g) > 4H20(/)+-4S(s) 
Nitric acid is also reduced to nitrogen 
dioxide. 


2HNOs3(aq)+HeS(g) > 2NO2(g)+2H20(g) 
+8(s) 


(iv) When HəS is bubbled through a 
solution of ferric chloride (yellow coloured 
solution), a pale green solution of ferrous 
chloride is obtained. A pale yellow deposit of 
sulphur settles at the bottom. 


2FeCls(aq)+H2S(g) > 2FeCle(aq)+-2HCl(aq) 
+S(9) 
(v) It also reduces acidified solutions of 


permanganates (VII) and dichromates (VJ) to 
manganese (II) and chromic (III) salts. 


2KMnO4(aq)-+3H,SO 
(Purple colou) see) aes) e* 


KeSO4(aq)-+2MnSOaq(aq)-+8H20(1) + 5S(s) 
(Colourless) 


KeCre07(aq)-+4H2SO4(aq)+3H9S(g) > 


(Orange colour) 
KeSOa(aq)+Cre(SO4)3-+7Ha0()+3S(s) 
(Green 


colour) 


5. Reaction with metal salt golations. 
It reacts with many salt solutions forming in- 
soluble coloured sulphides. Some sulphides 
are precipitated in acidic medium and some 
others are precipitated in alkaline medium. 
When HS is bubbled through a solution of 
lead acetate or lead nitrate it turns black due 
to the precipitation of lead sulphide (PbS). 
Pb(NOs)2(aq) +HaS(g) > PbS(s)-++-2HNOa(aq) 

(Black) 
00)2(aq)-+ H2S(g) > 
ete Riun PbS(s)-+-2HOOCCH3(aq) 
(Black) Acetic acid 

Ina similar fashion, H2S reacts with other 

metal salt solutions, 


Jn acidic medium O 
HS CuS(s) + HeSOa(aq) 
CuSO4(aq)+HeS(g) > (Black) 


CdS(s) + HgSOs(aq) 
CRONE a8 (Yellow) 
sig) > HgS(s) + 2HCI(aq) 
HgCla(aq) + HeaS(g) (Black) 


In alkaline medium aie 
)  ZnS(s) + H2SO«(eq 
ZnSOa(aq)+He8(g) > ink 


iS(s) + HSOa(aq) 

NiSO4(aq)-+H2S(g) > tie eSOa(ag 
+H:SO. 

MnSO4(aq)+H2S(g) > “Bult te Ae 


tions of hydrogen sulphide are 
“en Te alitate inorganic analysis for identi- 
fying the various metallic ions. 
6-12-3 TEST FOR HYDROGEN 
SULPHIDE 


HS can be detected by its characteristic 
smell like that of rotten eggs. 


i into a 
trip of filter paper soaked in 
iniee ae ead acetate is exposed to the 
Va ours of H2S contained in a gas jar, atras 
black due to the formation of lead sulphide. 


TS 
6-12-4 EXPERIMEN 
i iments can be perfor- 
a y Oe e the, laboratory after 
EA instructions from their class teachers, 
1. To prepare 4 sample of hydrogen sul- 
phide gas (Section 6-12-1). 
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2. To show the presence of HS gas 
(Section 6-12-3), 


3. To show the acidic behaviour of hydro- 
gen sulphide. 


[Hint: A saturated solution of hydrogen 
sulphide is prepared by bubbling HgS gas 
through water contained in a test tube. A blue 
litmus paper turas red in this solution showing 
that the solution is acidic). 


4. To study the reducing nature of hydro- 
gen sulphide gas using sulphur dioxide gas and 
bromine water and other substances (Section 
6-12-2, Reducing nature). 


[Hint: A gas jar full of HaS is inverted 
over a gas jar containing a few drops of 
bromine liquid. Bromine vapours mix with 
HeS gas. After some time free sulphur is 
deposited along the walls of the gas jar]. 


5. To study the precipitation of some 
metal sulphides (Section 6-12-2, Reaction with 
metal salt solutions). 


6. To observe some other physical and 
chemical properties (Section 6-12-2). 


6-12-5 USES OF HYDROGEN 
SULPHIDE 
Hydrogen sulphide is used as listed below ; 


1, Used as a laboratory reagent in ‘the 
identification of certain metal ions, e.g., Cus? 
Pb2+, Cd2*, Zn®+, Ni2+, Co2+, etc. (Qualitative 
inorganic analysis). 

2. Used as a reducing agent. 


3. Used for the preparation of metallic 
sulphides, many of which find use as paint 
pigments. 


6-13 SULPHUR DIOXIDE 


Molecular formula SO, 
Relative molecular mass 64:00 
Electron dot structure 
oe 
oSe 
eee 8 
Oren’ ji ge 
è a 
Sulphur dioxide is an important gas which 


is used mainly for the manufacture o! sulphuric 
acid. It occurs in volcanic gases. Many hot 
springs contain dissolved sulphur dioxide 
Atmospheric air also contains traces of this 


138 


gas which is produced by the burning of coal 
and other fuels during the roasting of metallic 
sulphides. Atmosphere over industrial towns 
is rich in sulphur dioxide. This gas is one of 
the major air polluants. 


6-13-1 LABORATORY PREPARATION 
OF SULPHUR DIOXIDE 


Sulphur dioxide is usually prepared in the 
laboratory by heating conceniraied sulphuric 
acid with copper turnings (copper is uced in 
the form of turnings to make a large surface 
area available for the reaction). 


Cu(s)+2HaSOa(aq) > CuSO4(aq)-+2H20(g) 
+S02(g) 


The assembly used for preparing the gas is 
shown in Fig. 6-23. Copper turnings are placed 
in a round bottom flask which is then fitted 
with a delivery tube and a thistle funnel. 
Dilute sulphuric acid is poured through the 
thistle funnel which is almost touching the 
bottom of the flask. A hard boiling tube can 
also be used in place of a round bottom flask. 
The contents are heated first gently followed 
by strong heating. Sulphur dioxide is evolved 
with a strong effervescence. The gas is collected 
in a gas jar by upward displacement of air as 
it is heavier their air. It is not collected over 
water as it is highly soluble in water. The gas 
may be purified and dried by passing it through 
concentrated HoSO4. 


Fig. 6-23. Preparation of sulphur dioxide 
in the laboratory 


The gas can also be conveniently made in 
the laboratory by treating sodium sulphite with 
dilute H2SO4. 


NagSOa(aq)+ HoSOsfaa) -> NaeSOa(aq) 
+H20(1)+S02(g) 


6-13-2 PROPERTIES OF SULPHUR 
DIOXIDE 

Sulphur dioxide is a colourless gas with a 
sharp choking smell of burnt sulphur. It is 
poisonous and causes inflammation of the 
lungs and other disorders. It is heavier than 
air and highly soluble in water. It can be 
readily liquefied. Liquid SO% boils at 264K. 

l. Acidic mature. Sulphur dioxide is 
highly soluble in water (fountain experiment 
discussed in Section 6-7-3). Tts aqueous solu- 
tion is acidic in nature. The solution so 
obtained is of sulphurous acid, HefO3. This 
acid is unstabi. It only acts in situ. It is 
slowly converted into ‘sulphuric acid on 
exposure to air. 

SOz(g)+H20(1) + HeSOx(aq) 

Sulphurous 

acid 
2H2SOs(aq)-+Ox(g) > 2HySOq(aq) 

___Sulphurous acid ionizes to form hydronium 
ion, 

SO2-++2H20 = HSO3--++-H30+ 

H2803+H20 = HSO3~+H30+ 

HSO3-+H20 = SO32-+H30+ 

Its solution turns moist blue litmus paper 
red. It neutralizes alkalies to form two series 
of salts—hydrogen sulphites (acid salts) and 
sulphites (normal salts). For example, 

NaOH(aq)+SO2(g) > NaHSOs3(aq)} 

Sodium hydrogen 
sulphite 
2NaOH(aq)+SO2(g) > Na2SO3(aq)+ H20(/) 
Sodium 


sulphite 
_2. Combustibility. Sulphur dioxide is 
neither cambustible nor a supporter of com- 
bustion. However, a piece of magnesium 
ribbon continues to burn in sulphur dioxide, 


which is decomposed by the heat of burning 
metal. 


3Mg(s)+-SO2(g) + 2MgO(s)-+MgS(s) 
or 2Mg(s)-+-SOo(g) -> 2Mg0(s)+S(s) 

_ 3. Reaction with oxygen. Sulphur 
dioxide combines with oxygen in the presence 
of a platinized asbestos or vanadium pentoxide 
at a temperature of about 723K and at a 
atmospheric pressure. 


V20; 
2SO2(g) + Oo(g) ————— > 
723K, | atm 


4. Reducing nature. Sulphur dioxide 
acts as a reducing agent in the presence of 
moisture because it is easily oxidized to sul- 
phuric acid liberating nascent hydrogen. 

$02(g)+2H20(!) > HeSO4(aq)+2[H] 

(i) It reduces halogens to halogen acids. 
When sulphur dioxide is bubbled through a 
pale green solution of chlorine water, the gas 
is absorbed. The chlorine water turns colour- 
less forming a mixture of hydrochloric acid and 
sulphuric acid. 

$02(g)-+2H20(1) > H2SO4(aq)+2[H] 
Xa(aq)+2[H] > 2HX(aq) 


O(1) + H2S04(aq) 
Soale) TT ROO E 


where X=Cl, Br or I. 

An aqueous solution of SOs decolourizes 
the coloured solutions of bromine and iodine 
forming colourless corresponding halogen acids 
(hydracids). 

(ii) It also reduces ferric (III) salts and 
acidified solutions of permanganates (VII) and 
dichromates (VI) to ferrous (II), manganese (II) 
and chromic (JII) salts. 

2FeCls(aq)+2H2O0(1) + SOz(g) > 

(Yellow colour) 

2FeClo(aq)-+2HCl(aq) + H2SO4(aq) 
(Pale green colour) 
2KMnO4(aq)+2H20(1)+5S02(g) > 
(Purpie colour) 
KeSO4(aq)+2MnSO4(aq)+2HeSO4(aq) 
(Colourless) 


KeCrgO7(aq) + HeSOa(aq)+3S0x(g) > 
(Orange colour, 
K2SOx(aq)+ Cro(SO4)s(aq)-+HeO 
(Green colour) 

5. Oszidizing nature. SOə can act as an 
oxidizing agent. For example, metals such as 
iron (red hot), magnesium (ignited), etc. con- 
tinue to burn in SOs to give mixed sulphides 
and oxides (or sulphur and oxide). In very 
strong acidic solution SO2 can oxidize ferrous, 
cuprous and other ions. 


2Mg(s)+SO2(g) > 2MgO+S(s) 


SOo(g)+4HCl(aq) > 4FeCls(aq) 
4FeCla(ag) +SOa(g) 2H20(/)+S(s) 


SO% is reduced to S by HeS. 
2H2S(g)+SO2(g) > 2H20(/)+3S(s) 
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6. Bleaching action. The bleaching action 
is due to the reduction of the colours of sub- 
stances by nascent hydrogen which js formed 
when SOz reacts with water. Hence, it only 
bleaches moist materials. 


SOo(g)+2H20(/) > HeSO.(aq)+ 2H] 
ascent 
hydrogen 
Its bleaching action is temporary and mild. 
Hence, it is used for delicate things such as 
flowers, wool, etc. It can also bleach sugar, 
straw, paper, cic. The bleaching action also 
confirms the reducing nature of sulphur 
dioxide, 
The bleached Product slowly regains its 
colour on exposing to air due to oxidation, 
Bieached product+ Atmospheric oxygen 
Oxidation 
————> Original product 
6-13-3 TEST FOR SULPHUR DIOXIDE 
1. It has a characteristic punzext odour of 
burning sulphur. 
2. It hasa bleaching action. 


3. It turns acidified Potassium dichromate 
solution green. 


4. It turns acidified potassium perman- 
ganate solution colourless, 


The reaction of SOs with acidified K2Cr207 
solution is used in the identification of sulphite 


DILUTE 
H2504 


+ 
KCrO? 
SOLUTION 


Fig. 6-24. To 
dioxide ; to domeeraie fhe presence of sulphur 
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ion. Sodium sulphite salt is treated with dilute 
HeSO4. SOve gas is evolved which is bubbled 
through acidified KəCrəO7 solution. After 
sometime the solution turns green indicating 
the presence of sulphite icn. This test also 
shows the presence of sulphur dioxide. If 
sulphur dioxide gas is bubbled through acidi- 
fied solution of potassium permanganate, the 
purple colour of the solution disappears. This 
confirms the presence of sulphur dioxide and 
its reducing nature. 


6-13-4 EXPERIMENTS 


The following experiments can be per- 
formed by the students in the laboratory after 
receiving instructions from their class teachers. 


1. To prepare a sample of sulphur dioxide 
gas (Section 6-13-1). 


2, To show the presence of sulphur dioxide 
gas (Section 6-13-3). 

3. To show the acidic behaviour of sul- 
phur dioxide. 


(Hint: Fountain experiment discussed in 
Section 6-7-3. Here water containing some 
blue litmus is used which turns red in the con- 
tact of SOx gas. This experiment also shows 
that SO% is soluble in water). 


4. To study the reducing nature of‘sulphur 
dioxide gas (Section 6-13-2, Reducing nature ; 
Section 6-13-3), 


5. To show its bleaching action using a 
piece of dyed cloth, coloured flower petals or 
fresh green grass. 


(Section 6-13-2, Bleaching 
action). 
[Hint: Allow the moist-material to 


remain ia the atmosphere of SOs for sometime]. 


6. To show the solubility of sulphur dio- 
xide gas (Fountain experiment discussed in 
Section 5-7-3). 


7. To observe some other physical and 
chemical properties (Section 6-13-2). 


6-13-5 USES OF SULPHUR DIOXIDE 
Its main uses are given below: 


1. It is mainly used in the manufacture of 
sulphuric acid. 


2. It is used in bleaching silk, wood pulp, 
wool, straw, etc. 


3. It is used in sugar industry for refining 
and declourizing sugar. 


4. It is used for the manufacture of some 
important inorganic chemicals, e.g., sulphites, 
bisuiphites and sulphates of sodium and 
calcium. 


5. It is used as a germicide It 


kills 
bacteria and fungi. 


6. Itis used to preserve fruits because it 
prevents oxidation which is responsible for 
destroying the fruits. 


7. (tis used as a disinfectant. For this 
purpose, doors and windows of the rooms are 
closed and fumigated with sulphur dioxide, 


8. It can be used in refrigerators as a 
substitute for ammonia as it is readily liquefied, 


9. Liquid sulphur dioxide is used as a 
solvent. 


6-14 SULPHURIC ACID 


Molecular formula 
Relative molecular mass 
Electron dot structure 


HeSO4 
98 


808 
ee 
ee: “We see 
H®*QeeSceeQeeh 


°° 
ee 
sos 


Sulpburic acid is a substance of great indus- 
trial importance and the industrial prosperity 
of any country is fairly closely related to its 
sulphuric acid consumption. It is the most 
common oxyacid of sulphur. It is called the 
king of chemicals because of its extensive use in 
industries. Following are the key industries of 
India, where sulphuric acid is manufactured 9 


1. Hindustan Zinc Limited, Debari and 
Vishakapatnam 

2. Hindustan Copper Limited, Khetri and 
Ghatsila 
3. Fertilizer Corporation of India, Sindri 
4. Cominco Binani Limited, Alwaye 


5. DCM Chemical Works, Delhi. 
6-14-1 MANUFACTURE OF SULPHURIC 
ACID 


Essentially, the manufacture of sulphuric 


acid, HeSO4 involves the conversion of SOe 
into SOs which is then processed further, 


There are two main industria! processes for the 
manufacture of HySO« from SO». i.e., 

1. The contact process 

2. The lead chamber process 

The lead chamber process is an older 
method for the manufacture of H5SO4. In 
this process oxidation of SOz is effected cataly- 
tically by means of oxides of nitrogen in the 
presence of water. 


ING(g)+O2(g) > 2NOx(g) 
NOx(g)-+SOn(g)+H20 (1) +H2504(ag) + NO(e) 


eacted gases (NO, NO2 and Oz) 
are iio wet in HeSO4 and nitrosyl sulphuric 
acid (nitrosyl bisulphate) is formed. This on 
decomposition gives sulphuric acid. 


gee 
2H,SO«(ag) + NO(g)+NOx(e) > 2NO*HSO 


i d 

t of the H2504 used today is. producec 

by ee Sonta process in which SO% is catalyti- 

cally oxidized to SOs. SOz for the purpose Is 

usually obtained by burning sulphur in air or 
by roasting iron pyrites. 

S(s)-+O2(g) > SO2(g) 

4FeSo(s)+-110a(g) > 2FegCa(s)+8SOx(g) 

ntact pro- 

O; cataly- 

vanadium 


zide ; vanadium pentoxide 18 Use% Wi. 
hich is more resistant to poisoning ie. daa 
vation by impurities) with atmosp! erie ox yas 3 
at a temperature of about 723K an amon 
pheric pressure. The reaction 18 gat 
ture rises to about 873K. 


and the tempera 


IPITATOR + + 
PREC! SCRUBBER DRYING 


PYRITER 
TOWER 


BURNERS 


Fig.6-25. A view of 


pitt! TESTING 


ARSENIC 
PURIFIER, 


M 


723K. 


2S02(g)-+O2(g) + 2S03(2) 
AH=-—193°2 kJ mol 


The SOg vapours are absorbed in concentrated 
HSO; (98-99%) and pyrosulphuric acid 
(H2S207) is formed. Pyrosulphuric acid is a 
fuming liquid called ‘Oleum’. 


SO3(g)+HeSOa(I) > HeS207/) 


Water is then added to Oleum to make 
sulphuric acid of the desired concentration. 


H2S207{/) +H20(/) > 2H2SO4(aq) 
Oleum 
AH=-—69 kJ mol 


Conditions for maximum yield, The 
oxidation of SO2 is reversible, exothermic and 
proceeds with decrease in volume. The opti- 
mum conditions for a better yield in accordance 
to ‘Le Chatelier’s principle’ are : 


1. Low temperature. The oxidation of 
SOx to SO} is exothermic, and thus. favoured 
by low temperature. The reaction is too slow 
to be commercially feasible at low. temperature. 
Hence, the oxidation step is carried out at 
about 723K. A yield of about 90% is obtain- 
ed at this temperature. 


2. Use of catalyst. Thisis a catalyzed 
reaction. The commonly employed catalysts 
are : platinized asbestos (spongy platinum over 
a base) and vanadium pentoxide. 


3. High pressure and excess of oxy- 
gen. High pressure favours the oxidation step. 
However, at high pressure, the material of the 
plant is liable to be corroded. The reaction 


HEAT EXCHANGER 
CONVERTER 
CONCENTRATED 
H2504 


= (U6 


ABSORPTION TOWER 


+ 
OLEUM 
he assembly used in the contact process for the manufacture of sulphuric acid 
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is carried out in the présence of excess of oxy- 
gen and at atmospheric pressure for better 
yield of sulphur trioxide. 


The integrated diagram for the manufacture 
of sulphuric acid by contact process is shown 
in Fig. 6-25. Broadly it consists of the follow- 
ing units : 

(a) Sulphur or pyrites burners. Here 
either pure sulphur or pyritss are burnt in 
excess of air when sulphur dioxide is formed. 


(b) Purifying assembly. The hot gases 
emanating from the burner unit are usually 
mixed with certain impurities like oxides of 


arsenic (As203), sulphur or pyrites dust parti-. 


cles etc, The impure hot gases are passed 
through a purifier which consists of an electros- 
tatic precipitator. (Cottrell’s dust electrical 
Precipitators are much in use these days). The 
partially purified hot gases are then led through 
cooling pipes to decrease the temperature to 
about 375K.) They are then washed with 
water to remove soluble impurities. The 
washed gases are then dried up by a spray of 
concentrated sulphuric acid (dehydrating agent). 
The dried gases are then Passed through 
arsenic purifier to free from arsenic impurities 
(arsenic oxide). 


(c) Testing box. The purified gases are 
tested for any impurity by passing it through a 
testing box (Tyndall box). 


(d) Contact chamber or converter, 
Firstly, the purified gases are heated by passing 
through a preheater (or heat exchanger) and 
then they are allowed to enter the converter, 
As they pass through the catalyst columns, 
they (SO2+(z) emerge as SOs. After the 
oxidation is initiated no further heating is 
required as the reaction is exothermic and 
gases are passed directly into the chamber. 


(e) Absorption tower. The oxidized gas 
(SOs) is put into the absorption tower at the 
bottom from the top of which concentrated 
HSO4 is sprayed (SOs gives HSO; on 
mixing with water. The strong attraction of 
the gas for water causes a layer of fog particles 
to form about the bubbles as they pass through 
water. This prevents further dissolution of SO3 
in water. Hence SO; is first absorbed in 
Here, in the tower the ascending gas 
reacts with descending stream of concentrated 
H2S04 (98-99%). SOs is absorbed by HS0, 
wien oleum is obtained. The tower is packed 
with acid-proof flint, 


6-14-2 PROPERTIES OF SULP 
heme HURIC 


k, Pure sulphuric acid is a colourless oily 
liquid (m.p. 283-5K, b.p. 593K). It fumes 
when heated, due to decomposition of a small 
fraction of the acid into water and SOs. 

g Point and viscous nature of the 
acid are due to the Presence of partial hydrogen 


bonding (SO, groups. are joined t 
hydrogen bonds). J ogether by 


of heat. 


stirred and cooled constantly to disturb the 


1. Basicity, 
aqueous solutions. 
i.e., it is dibasic. 


The acid is a strong acid in 
It ionizes in two stages, 


H2SO4+H20 =H30++Hs0,- 
HS04"+H20=H,0'+450,2- 


Two series of salts (M2+gQ2,- 
M*HSO,-) are thus possible, $ Bs vad 


2: Dehydrating roperti 
affinity for water maker it is oi 


passing through it. It 

io; i 
Sae n from certain 
It extracts water from ca 


behind a black residual mas Ta aae leaves 


S, 
conc. HSO 
C1H0 ——— LLE CHINO 
Sugar -H20 (Black) 


Similarly, crystals of copy 
(CuSO4. 5H20) lose four of fee aol 
water of crystallization i 
concentrated 
is left behind. 


sulphate 
ecules of 


i n the presence of 
sulphuric acid and a white mass 


H2S0. 
CuSO4. LOEn Cus0,.H 
(Blue) -H20 (White) 


Dilute sulphuric 
dehydrating property. 


20+4H20 
acid does not have the 


3. Oxidizing Properties, HSO 
xidi 3 2504 acts 
pan oxidizing E particularly when hot 
nd concentrated, This TOpert: 
weak on dilution. Pi a 


(i) Action on non-metals. In its 
reaction with nou-metals, each molecule of 
HəSO4 provides one atom of nascent oxygen 
for oxidation purposes and is itself reduced to 
sulphur dioxide. 


Heat 
C(s)-+2H2SOa(!) > CO2(g)-+2SO2(g)+2H20(!) 

S(s) + 2H2SOa(1) + 2H20(1)+3S02(8) 

(ii) Action on metals. Depending upon 
the nature of metals, HSO, may undergo 
reduction to $Oz,H2S or S. Copper and zinc 
are oxidized to their sulphates by hot concen- 
trated HeSOa. 

Cu(s)+2HS04(1) > CuSO4(ag)+2H20(!) 
+S02(g) 


4Zn(s)-+SH2SOa(!) > 4ZnSO4(aq)+4H20(/) 
+H2S(g) 


(iii) Reaction with HS. If HS is 
bubbled through concentrated HəSO4 it is 
oxidized to sulphur. 

He2S(g)+H2SOs/) > 2H20(!) +SO2(g)+S(s) 

(iv) Action on salts. Concentrated H2SO4 
reacts with certain salts forming acids and 
metal hydrogen sulphates. The acids are 
more volatile than H2SO4 itself. The acids so 
produced are not oxidized by H2SOx. 
KNOs3(s)-+H2SOa(/) > HNOs3(g) + KHSO4(aq) 

NaCl(s)--H2SOa(/) > HCI(g)+-NaHSOa(aq) 

4. Acidic Properties. The reactions of 
concentrated H SOx are often complex due to 
its oxidizing action, but dilute sulphuric acid 
behaves as a typical acid. 

(i) Reaction with metals above hydro- 
gen in the electrochemical series. Metals 
like Mg, Zn and iron reacts with dilute HgSO« 
to form metal sulphates and Ha gas. 

Mo(s)-+HeSOa(aq) > MgSOa(aq)+ Ha(g) 

Zn(s)+H2SOa(aq) > ZnSO4(aq)+ Halg) 

(ii) Reaction with bases and alkalies 
(metal oxides and hydroxides). In its 
reaction with bases and alkalies, the acid 
neutralizes them and forms metal sulphates 
and water. For example 


HySO,(ag) +2NaOH(aq) > NasSOs(ag) t 
2H20(1) 


Mg0is)-+HzS0.(aq) -> MgSOa(aq)+H20() 
Mg(OH)2-+HeSOa(aq) — MgSOs(aq)+2H200) 
Cu0,s)-+H2$0.(aq) > CuSOa(aq) + H20(/) 


Cu(OH)2(aq) +H280.(aq) > CuSOs(ag) t 
2H20(/) 
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(iii) Reaction with salts of weak acid 
In its reaction with salts of weak acids, “dilute 
snlphutie acid forms metal sulphates and weak 
acids. 


2NaHCOs(aq)-+HeSOa(aq) -> NagSOa(aq)+ 
2H2COs3(aq) 


HeCOs(aq) = H20(/)+COx(g) 
NazCO3(aq)-+ H2SOa(aq) > NagSOa(aq)+- 
H2COs(aq) 
MgSO3(aq)+H2SOa(aq) > MgSOa(aq)+ 
H2SOs(a 
H2SO3(aq) = SOo(g)+H20(!) F 
FeS(s) + H2SOa(aq) > FeSO4(ag)+HoS(g) 


6-14-3 TEST FOR SULPHURIC ACID 


A few ml of dilute sul, ic aci i 

‘ | phuric acid 

in a test tube is treated with a few drape oF 

baria stloride solution. A white precipitate 
4 is formed. T ipi is i 

SBE HCI ad NOS oe a 


BaClo(aq)-+HsSOa(aq) + BaSOa(s)-++-2HCl(aq) 
6-14-4 EXPERIMENTS 


The following experiments ca: 

f n be perfor 
by the students in the laboratory arter. vets 
instructions from their class teachers ; tg 


1. To pre i i 
zat prepare a dilute solution of sulphuric 


(Hint. Add concentrated HS 
large volume of water. Keep ON 


tion constantly. Also cool the i 
add water to sulphuric acid.) Wisc eas 


2. To demonstrate the dehydrati i 
of concentrated sulphuric acid. E S 
Dehydrating properties.) 2. 


[Hint. Pour afew drops of 
eyer thea tence UDE Paeh aed 
serve the change and vali 
aes g! record your obseryg- 


3. To study the effect of c 
sulphuric acid on some metals, cE cone 
turnings. (Section 6.13.1) ” CORE 


(Eint. Sulphur dioxide gas i 
gine te a Gee S 


_4. To study the effect of dilute sulphuric 
a some metals, e g., Zn and Mg. (Section 


s Hint. Hə gas is evolved which can be 
identified (Section 6.3.3). 1 
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6-14-5 USES OF SULPHURIC ACID 


ic acid is used in various types of 
Sa agian consumption of HeSOa a 
measure of industrialization of a country. 
Chiefly it is used as given below rh 
1. In the manufacture of fertilizers (ammo- 
nium sulphate and super phosphate ie aa 
dyes, drugs, explosives (dynamite, T?) an 
picric acid) disinfectants, paints, Sees 
plastics, textiles (cotton wool and linen fa neo 
synthetic fibres (viscose rayon and acetar 
rayon) photographic films, synthetic ru A 
synthetic detergents and lacquers. 


the production of acids (HCI, HNO3. 
oreo Bethyl ether, DDT, NazgSQOa, etc. 


i i f certain 
. In the metallurgical operation o i 
ee) e.g., copper, etc., (extracted from their 
ores using H2504). 


. For the pickling of metal surfaces 
Pew ot oxide layer from the surface of 
metals) before electroplating, galvanizing, 
soldering or enamelling. 


5, In the refining of petrolcum—sulphur, 
tarry compounds, etc., are removed by treating 
crude petroleum with H2504. 


6. As laboratory reagent, dehydrating and 
drying agent. 
7, In storage batteries used in automobiles. 


8. In pharmaceuticals and for making 
insecticides. 


9, In leather tanning industries. 


WORK EXERCISES 
1, Distinguish between oxygen and ozone, 
2. Answer the following questions : 
(i) Is ozone an isotope of oxygen ? 
(ii) Is oxygen collected over water ? 
(ii?) Is oxygen lighter or heavier than air ? 


(iv) Does oxygen act as a catalyst in the 
combustion process ? 


(vy) Does oxygen exist in the form of 
diatomic molecule ? 


(vi) Is oxygen combustible ? 


(vii) Is ozone is present in the atmosphere 
near the earth ? 


(viii) Does ozone hel 
on the earth ? 


“ie Ts oxygen acidic. or basic ? 


p in preserving life 


(x) Does oxygen form basic oxide with 
metals ? 


3. Write equations for the action of 
oxygen on each of the following : 
He, Na, Mg, Ca, C, P, S, CH4 and 
NH3 


4. Answer the following questions : 
(i) Is sulphur a metal or a non-metal ? 
(ii) Does sulphur belong to period 3 ? 
(iii) Do oxygen and sulphur show simi- 
larities in chemical properties ? 
(iw) Which allotropic form of sulphur is 
insoluble in carbon disulphide ? 
0) Name five elements that occur in 
nature in combination with sulphur, 
(vi) Which metal sulphide 


; l is yellow in 
colour ? 


(vii) What happens when HoS is bubbled 
through acidified solution of K2Cr20; ? 
(viii) Name the products obtained when 
HeS is burnt ina limited as well as 
excess of air. 


(ix) Is HpS a reducing or an 


oxidizing 
agent ? 
(x) Can sulphur dioxide be collected over 
water ? 
5. (a) Wh 


y is moisture essential for sulphur 
t as a bleaching agent ? 

(b) Why does a piece of wood become 
black when concentrated sulphuric acid is 
dropped on it ? 

(c) Oxygen and sulphur show similarities in 
many of their chemical properties.” Comment. 


(d) Why do metal su] 
in rocks ? 


dioxide to ac 


phides occur mostly 


6. Give reasons in one or two sentences for 
each of the following : 


(i) Sulphur is a solid at room temperature 
whereas oxygen is a gas. 


(ii) Both sulphur and oxygen differ in 
molecularity ? 
(iii) Sulphur dioxide gas is collected by 
upward displacement of air. 
(iv) Sulphur dioxide gas is not used for 
sterilizing water. 
(v) Sulphur trioxide i 


s the only anhydride 
of sulphuric acid, 


7. List important sources of oxygen and 
sulphur. 


8. (a) What are the names of the elements 
whose atomic numbers are 8 and 16 respec- 
tively ? Give the significance of their names. 

(b) Give the working principle involved in 
the continuous supply of H2S gas. 

9. What happens when ; 

(i) BaCly solution is treated with dilute 
sulphuric acid. 

(ii) Copper oxide is treated with dilute 

sulphuric acid. 
(iii) Zinc is treated with hot concentrated 
sulphuric acid. 

(iy) Oleum is mixed with water. 

(v) Sulphur dioxide is treated with hydro- 

gen sulphide. 

(vi) Hydrogen sulphide burns in oxygen. 

(vii) Sulphur is treated with hot concen- 

trated alkali. 
(viii) Methane is burnt in the presence of 
oxygen. 

(ix) Carbon disulphide is 

presence of oxygen. 

(x) Hydrogen sulphide is bubbled through 

concentrated HoSO4. 
A a (a) How will you get CO2, SO2, HS 
nd He using sulphuric acid ? 


(b) Suggest a method using H2SOs for the 
Preparation of the following : 


burnt in the 


HALOGENS 
(GROUP ViiA NON-METALS) 


6-15 HALOGENS 


Fluorine (F), chlorine (Cl), bromine (Br) 
and iodine (I) are collectively known as halo- 
gens. The name halogen is derived from Greek 
word ‘halos’ which means ‘sea salt former’. 
This reflects that most of these elements exist in 
sea water in the form of salts. These elements 
constitute group VIIA of the periodic table. 
Elements of group VIIA and those of groups 
IHA to VIA including zero group elements 
belong to p-block of the periodic table. 


Family relationship and general trends 


All halogens exist as diatomic molecules at 
ordinary conditions. The molecules are heid 
together by van der Waals forces (weak 
forces). The strength of these forces increases 
with increasing size of molecules. Thus, the 
physical state of these elements changes 
from gas to liquid to solid (Table 6-6). Because 
of the increasing van der Waals forces, the 
melting and boiling points of the halogens 
increase from fluorine to iodine. 


They are all coloured because they absorb 
light in the visible region resulting in the 
excitation of outer clectrons to higher energy 
levels. The smaller the atom, more will b é the 
energy needed for excitation. Gaseous Fz 
molecules absorb high energy violet light and 
appear yellow while gaseous I molecules 
absorb low energy yellow light and appear 
violet. Similarly, chlorine molecules appear 
ellowish green and bromine molecules reddish 
brown (Table 6-6). 


‘Table 6-6 Description of halogens 


(i) NagSOg (i) HCl (iii) HNOs, 
(iv) FeSO4 

Atomic 
Element Symbol Number 

KE 
L L 

Fluorine F 9 Z GRT 
Chlorine cI 17 Zens 
Bromine Br 35 28) els 
Todine 2 8 


lpr 53 


we DOE ee 


Electronic configuration 


Colour and physical state 


M N O 


Pale yellow gas 
Greenish yellow gas 


7 Reddish-brown liquid 


Greyish b'ack solid (violet-vapour) 
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embers of the family are very similar 
in Obie behaviour, since they have seven 
electrons in the valence shell. They have only 
one electron less than the number present in 
the adjacent noble gas. They can acquire a 
noble gas electronic configuration by : 


(i) accepting one electron from a donor 
group, and 

XK-+e7 > X, as in NatCl, KHT, etc. 
(halogen atoms become stable univalent ions) 

(ii) forming a single covalent bond as in 


the halogen molecules (K—X) and hydrogen 
halides (H— X). 
Fluorine is the most reactive of all the 


elements. The reactivity decreases from fluorine 
to iodine Fg>Cle>Bre>I. 


6-15-1 OCCURRENCE 


Halogens do not occur free in nature due 
to their highly reactive nature. They are 
generally found in combination with metals as 
simple halides. Table 6-7 shows the relative 
abundance of the halogens in nature. 


Table 6-7 Abundance of halogens in nature 


t Abundance in earth's | Abundance in sea 
Emen crust (ppm) water (ppm) 
Fluorine 800 8 
Chlorine 400 19,000 
Bromine 2 65 
Todine 0:3 Extremely small 


The most reactive fluorine is found in the 
combined form as fluoride in rocks and in 
many natural water supplies. Fluorine occurs 
ina number of minerals, the most common 
being fluorspar, CaFs ; cryolite, NagAIFg ; and 
fluorapatite, CaF2.3Ca3(PO4)2. 


Chlorine is mainly found as sodium chlo- 
tide, NaCl in sea water. it is also present in 
sea water with other alkali and alkaline earth 
chlorides. Brine wells and rock salt (NaCl) 
deposits make a rich source of chlorine. 


Bromine is also found in sea water as 
bromides (NaBr, KBr, MgBrp). ‘It is also 
found in salt mines as sodium bromide, 


Sea water is a poor source of iodine. How- 
ever, sea weeds absorb some iodides from sea 


water and make a good source for iodine. 
Chile has extensive deposits of calcium iodate 
which is found along with the deposits of 
sodium nitrate. 

6-16 CHLORINE 


Relative atomic mass 


35 45 
Molecular formula Cla 
Relative molecular mass 70:90 
Electron-dot structure e ae A 
eè oo 


Chlorine gas was discovered by Scheele in 
1774 but not recognized as an element. 
1810, Davy recognized the 
and he called it chlorine 
greenish yellow), 


6-16-1 LABORATORY PREPARATION 


OF CHLORINE (ALSO BROMINE 
AND IODINE) 


Chlorine is prepared commercially by 
electrolysis of concentrated aqueous sodium 
chloride, in which industrially important 
hydrogen and caustic soda are also produced, 

Laboratory methods for 
chlorine involve oxidation of 
with manganese dioxide, M 
dichromate, KgCr20z. 

MnO2(s)-+4HCl(aq) >MnCle(aq) 

+Clho(g)-+2H20(/) 

14HCI(aq) + KaCr07(s)-+2CrCly(aq) 
+2KCl(aq) +3Cl2: g)+7H20(/) 
_ Bromine can be Prepared by heating a 
mixture of KBr and manganese dioxide with 

concentrated HoSOq. 

2KBr(s) +MnO2(s) +3H2S0.(/) > 2KHSOa(s) 
+ MnSO4(s)+2H,0(/)-+Bro(g) 
Iodine can be prepared by using potassium 
iodide in place of KBr. 
2KI(s)-+MnO2(s)-+3H3$0,(/) > 2KHSO,(s) 
MnSO,(s)+2H20(1)-+1o(g) 

Chlorine can also be Prepared by gently 
heating a mixture of manganese dioxide and 
sodium chloride with concentrated sulphuric 
acid. 
2NaCl(s)-+MnOx(s) + 3H2SO,4(1) + 2NaHSO,(s) 

+ MnSO4(s)+2H20(1)-+Clo(g) 

Powdered manganese dioxide is put ina 

round bottomed flask and concentrated hydro- 


In 
gas as an element 
(Greek, chloros= 


the preparation of 
hydrochloric acid 
nOg or potassium 
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chloric acid is added thro 

5 ugna thistle funnel. duced (Fig. 6-26). Tra i 

tas ee oes effervescence takes from thee TERE Se O os 
yellow chlorine gas is pro- passing the gas through water ; the chlorine me 


CONC’ 
HYDROCHLORIC 
ACID 


MANGANESE (IV) 
Va 


CHLORINE 


CONC 
SULPHURIC ACID 


MANGANESE 
AAA (iv) OXIDE 


AND SODIUM 
CHLORIDE 


CONC, 
SULPHURIC ACID 


Fig. 6-27 Preparation of chlorine from sodium chloride 
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i dried by bubbling through concentrated 
eis acid and collected by upward dis- 
placement of air. 


embly used for the preparation of 
E ron Sain chloride is shown in 
Fig. 6-27. 


6-16-2 PROPERTIES OF CHLORINE 


Chlorine isa greenish-yellow gas with an 
unpleasant suffocating smell. It is heavier 
than air. It is poisonous in nature. Chlorine 
can be liquefied to a yellow liquid. Its boiling 
point is 2384K and melting point is 172K. 


1. Acidic mature. It turns blue litmus 
red which on being exposed for a long time 
becomes colourless. This establishes the acidic 
nature of chlorine. 


2. Action om water. Chlorine is mode- 
rately soluble in water at room temperature 
(3 parts of chlorine in 1 part of water by 
volume) and reacts with it to give a mixture of 
hydrochloric acid and hypochlorous acid, 


H20(1)+Cl2(g) = HCl(aq)+- HOCI(aq) 
Hypochlorous 
acid 


The aqueous solution is yellowish-green in 
colour and ‘s known as ‘chlorine water’. Such 
a solution smells strongly of chlorine. This 
solution has two interesting properties : 


(i) Chlorine water decomposes in sunlight 
to give oxygen (Fig. 6-28), Oxygen is formed 


— OXYGEN 


SUNLIGHT 


CHLORINE 
WATER 


Fig. 6-28. Effect of sunlight on 
chlorine water. 


due to the decomposition of hypochlorous acid 
by sunlight. 


H,O(/)+Clo(g) > HCI(aq)+HOCI(aq) 
2HOCKag) > 2HCl(aq)+Ox(g) 


(ii) Chlorine water bleaches many colouring 
matters, e.g., if moist litmus paper, grass or 
flowers are dipped into the chlorine water, 
they are bleached. Blue litmus is first turned 
ted by the acids present and then bleached. 
The bleaching action is due to its oxidizing 
Properties. It is effected by hypochlorous acid 
which on decomposition supplies nascent 


oxygen atom to dyes, thereby converting them 
into colourless compounds. 


HOCI > HC1+0 
Dye-+O — Colourless substance 


Bleaching by chlorine is 
nature Delicate materials are not bleached by 
chlorine. After bleaching, the material js 
washed thoroughly with water to remove all 
chemicals. Excess of chlorine is removed by 
treating the material with sodium thiosulphate 
(antichlor) solution, 


permanent in 


3. Combustibility. Chlorine is a non- 
combustible gas but it supports combustion. 
Many metals continue to burn in the presence 
of chlorine gas. 

4. Combination with 
metals like sodium and magnesium produce 
their chlorides when the burning metal is 
introduced into a jar of chlorine gas (Fig. 6-18), 
Metals continue to burn for some time. 


2Na(s)+Clo(g) > 2NaC\(s) 
Mg(s)+Cle(g) > MgClo(s) 
Preheated antimon 


of chlorine gas produ 
mony trichloride. 


2Sb(s)-+3Cle(g) > 2SbCla(g) 


(b) Less active metals, 
aluminium combine with ch 
chlorine is passed over hea 
metals. The metallic coil 
continues to glow even if he 


metals (a) Active 


y burns in the presence 
cing white fumes of anti- 


eg, iron and 
lorine when dry 
ted coils of the 
begins to glow and 
ating is stopped. 
2Fe(s)+3Clə(g) > 2FeCla(s) 
2Al(s)+3Clo(g) > 3AICla(s) 

5. Combination with non-metals, 
All of the halogens combine 
hydrogen. Chlorine combines 


; (a) 
directly with 
violently with 


hydrogen in bright sunlight (combination is 
slow in diffused daylight). 


hy 
Ho(g)+Cl.g) —+> 2HCK(g) 

Hydrogen burning at the mouth of jet con- 
tinues to burn in chlorine forming hydrogen 
chloride (misty fumes appear on the mouth of 
jar) (Fig. 6-5). 


(b) Dry white phosphorus ignites spontan- 
eously in the presence of chlorine producing 
white fumes of phosphorus trichloride and 
phosphorus pentachloride. 

Pa(s)+Clo(g) > 4PCla(!) 
P4(s)+10Cla(g) > 4PCls(s) 

Only burning red phosphorus continues to 
burn in chlorine giving chlorides. j 

(b) Burning sulphur combines with chlorine. 

2S(s)+Clo(g) > SeCle(g) 
Sulphur 
monochloride 


6. Reaction with alkalies. (a) In the 
reaction with cold and dilute solution of 
sodium or potassium hydroxides or a suspen- 
sion of calcium hydroxide, salts of hydrochloric 
and hypochlorous acids are formed. 


Clo(g)-+-2NaOH(aq) > 
NaCl(aq)+NaClO(aq) + H20(/) 
Sodium Sodium 
chloride hypochlorite 


(b) With hot and concentrated solution or 
sodium or potassium hydroxides, a mixture of 
chlorate and chloride is formed. The hypo- 
chlorite is probably formed first which is con- 
verted into a chlorate and a chloride. 


3X [Clo(g) +7 Cl(aq)+NaClo(aq) 
[Clo(g)+-? NaOH (aq) NaCl(aq) ya 


3NaClO(aq) + 2NaCl(aq)+NaClOs(aq) 
3Clo-+6NaOH + NaClO3+5NaCl+3H20 


._ (c) When chlorine is passed over dry slaked 
lime, bleaching powder is formed. 
Ca(OH).(s)-++Clo(g) + CaOCle(s)+ H20(s) 
Slaked lime Bleaching powder 
Bleaching powder is used for bleaching 
textiles, paper, wood pulp, etc. A piece of 
coloured cloth, already dipped for ~1/2 hr 
into the suspension of bleaching powder, on 
treating with dilute sulphuric acid gets slowly 
bleached. Bleaching powder reacts with H5SO4 
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and forms chlorine which bleaches the cloth. 
Excess of chlorine left on the cloth is removed 
by dipping the piece of clot! in a solution of 
antichlor (NaHSO, or NazS2Oz). The cloth 
is then finally washed with water 


CaOClo(aq)-+HeSO4(aq) -> CaSOx(aq) 


+ H20(!) + Cla(g) 
7. Oxidizing nature. Chlorine is a 
strong oxidizing agent. It is itself reduced 


either to a chloride ion (by gain of electron) 
or to hydrogen chloride by combining with 
hydrogen. 

(a) Affinity of chlorine for hydrogen 

(i) A paper (or glass wool, filter paper, etc.) 
soaked in hot turpentine (a hydrocarbon, 
CioHi0) continues to burn with a reddish flame 
in the presence of chlorine and produces dense 
smoke of carbon particles. HCl is also formed 
which fumes in damp air and forms dense 
white fumes of ammonium chloride with 
ammonia, 


CioHi6(/)-+8Clo(g) > 16HCl(g)+10C(s) 


A burning wax candle also continues to 
burn in chlorine with a dull-red smoky flame 
producing much soot and hydrogen chloride. 


(ii) Chlorine oxidizes hydrogen sulphide to 
sulphur and is itself reduced to HCl. The two 
gases may be mixed or alternatively, chlorine 
may be bubbled through hydrogen sulphide 
solution. 

HeS(aq)+Clo(g) > 2HCl(aq)+S(s) 

(iii) Ifa few drops of concentrated am- 
monia solution is slowly added into a gas jar 
full of chlorine, ammonia gas from the solution 
burns witha greenish flame producing white 
clouds of ammonium chloride. The reaction 
occurs in two steps : 


Ist step 2NHa(g)+3Clo(g) > No(g)+6HCI(g) 
(Chlorine gains hydrogen forming HCl) 


2nd step  6HCI(g)+6NH3(g) > 6NH4CI(s) 
(HCI combines with excess of NH3) 


8NH3(g)+3Clo(g) + 6NH4Cl(s)+ No(g) 
If excess of Cle is used, a yellow oily 
explosive liquid, nitrogen trichloride is formed, 
NHg(g)+3Cl(g) + NCls(/)-+3HCI(g) 
(b) Oxidation of other compounds 
(i) Oxidation of sulphites and thiosul- 
phates to sulphates. When sulphur dioxide 
is bubbled through water, a solution of sul. 
phurous acid, H2SO3 is produced, 1f chlorine 
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is bubbled through sulphurous acid, it is 
oxidized to sulphuric acid (gain of oxygen) and 
chlorine is reduced to hydrochloric acid (gain 
of hydrogen). 


$O.(g)-+H,0(/) > HaSOs(ag) 


HoSOs(aq)+ H20(/)+Cle(g) > HeSOa(aq) 
+2HCI (aq) 


Thiosulphates are oxidized to sulphates. 


NazS203(aq)+4Cl2(g)+ 5H20 -> 2NaH3s0a(aq) 

+8HCl(aq) 

Sodium thiosulphate is used as an anti- 
chlor after bleaching with chlorine. 


(ii) Oxidation of iron (II) salts to iron 
(III) salts. Chlorine oxidizes iron (II) chloride 
and acidified iron (II) sulphate to iron (III) 
chloride and iron (ILI) sulphate respectively. 

2FeClo(aq)+ Clo(g) > 2FeCls(aq) 
(Pale green (Yellow 
solution) solution) 
(Loss of electrons by Fe (II)) 
2FeSO4(aq)+H2SOa(aq)+Clo(g) > 
(Light-green 
solution) 
Fea(SO4)s(aq)+2HCI(aq) 
(Brownish-green 
solution) 


(c) Displacement of halogens from 
their salts 


Chlorine displaces both bromine and iodine 
from solutions of their salts. Bromine is red 
coloured. Hence the colourless solution of 
KBr turns red. Jodine makes the KI solution 
reddish-brown solution. 

2KBr(aq)+Clo(g) > 2KCl(aq)+Bra(aq) 


2KI(aq)+Clo(g) > 2KCI+Is(g) 
Iodine-vapours turns a starch-paper blue. 


These reactions show that chlorine is more 
reactive than bromine and iodine. 


Table 6-8 Detection of halogens 


6-16-3. TEST OF CHLORINE 


All halogens can be tested by the tests 
given in Table 6-8. 


6-16-4 EXPERIMENTS 


The following experiments can be per- 
formed by the students in the laboratory after 
receiving instructions from their class teachers. 


1. To prepare a sample i 
(Section 6-16-1). ee oe 


_ 2. To prepare chlorine water and establish 
its acidic nature. 


{Hint : Chlorine is bvbbled th 

n rough water 
for long. The aqucous solution, called rblorine 
water is tested for its acidic nature]. 


3. To demonstrat 
chlorine water (Sec 
water). 


e the bleaching action of 
tion 6-16-2, Action on 


4. To demonstr: 
chlorine water in 
Action on water). 


5. To demonst idizi 
chlorine using REC hae zidizingjmaturo; of 


Oxidizing nature ; Also Shale Gea 6-16-2, 


aa 6-16-6). | 

- To study its reacti i ; 

and non-metals (Section 6162) 0 metals 
7. To observe some A 
chemical . other physical and 
6-16-2). properties of chlorine (Section 


ate the decomposition of 
sunlight. (Section 6-16-2, 


8. To demonstrate th A à 
bleachin e bleaching action of 
with alkali o7 (Section 6-16-2 Reaction 


6-16-5. USES OF CHLORINE 
Chlorine is put to followi 


Property Chlorine 


State and colour Greenish-yellow gas 


Smell Pungent 

Action on starch-iodide Turns starch iodide paper 
paper blue 

Action on carbon disulphide tas 


EPA A ng uses : 
3 i s ee and disinfectant 
- dn the sterilizati r 
and water in swimming pole drinking water 
Bromine for 
è ine 


Cher ae 
Steel grey solid 
Pungent 


Turns starch iodide 
Paper violet or deep 
blue 


Reddish-brown liquid 
Pungent 


Turns starch iodi 
Paper blue ide 


Dissolves giving orange. 


coloured solution Dissolves giving vio- 


3. As a bleaching agent for substances 
such as cotton cloth, linen and rayon and in 
the paper and pulp industry. 

4. As a chlorinating agent for organic 
compounds. 


5, In the manufacture of bleaching powder, 
dyes, explosives, drugs, etc. 

6. In the preparation of some useful 
plastics (e.g., polyvinyl chloride, PVC) and 
synthetic rubbers. 

7. Inthe preparation of some antiseptics 
and insecticides (e.g., benzene hexachloride and 
DDT). 


8. In metallurgical operations, e.g., in 
recovering of gold. 


9. In industries for the preparation of 
chemicals, e.g., HCI, chloroform (an anaes- 
thetic), sodium hypochlorite (bleaching agent) 
chlorates and perchlorates (used in matches, 
fireworks, explosives and weed killers), poison- 
ous gas-° ‘phosgene, tear gas and mustard gas), 
CClq (solvent), etc 


_ 10. In the manfacture of chlorine contain- 
ing solvents which are used for dry cleaning. 


11. Asa laboratory reagent in the form 
of chlorine water. 


6-16-6 DETECTION OF CHLORIDE, 
BROMIDE AND IODIDE 


Test 1. Halogens are excellent oxidizing 
agents. The oxidizing action of the halogens 
decreases in the order, F>CI>Br>I. This 
relative power is evident in displacement reac- 
tion. The oxidizing action of chlorine 1$ the 
basis of this test. 


The solutions of KBr and KI are taken in 
test tubes marked as ‘A’ and ‘B' respectively. 
A few ml of carbon disulphide (or chloroform 
or carbon tetrachloride) is added to each solu- 
tion which becomes a lower layer. Now 
chlorine water is added to each solution and 
shaken thoroughly after closing the mouth 
of test tubes. Soon, tube A acquires orange 
(or reddish-brown) colour and tube B acquires 
Violet colour, From the colours one can infer 
that bromine and iodine liberated (or displaced) 
from their salts by chlorine are absorbed by 
the carbon disulphite which forms a separate 
coloured layer at the bottom of each test tube. 


Test 2. The colour of silver halides and 
their solubility in ammonium hydroxide (or 
aqueous ammonia) make the basis of this tost. 
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The solutions of KCI, KBr and KI are 
taken in test tubes marked as ‘4’, ‘B’ and ‘C’ 
respectively. A few drops of dilute nitric acid 
is added to each solution. Now silver nitrate 
solution is added to each solution snd shaken 
thoroughly. In each test tube precipitate of 
different colours appears. In tubes 4, B and 
C, there is greyish white, light yellow and 
yellow precipitate respectively. Thus from the 
colour of the precipitates the presence of CI’, 
Br and I~ ions can be ascertained. 


KCi(aq)-+AgNOs3(aq) + AgCl(s) +KNOs(aq) 
(Greyish 
white) 


KBr(aq)-+AgNOs(aq) > AgBr(s) +KNOs(4q) 
(Light 
yellow) 
KI(ag)+AgNOs(aq) > Agl(s) + KNOsa(aq) 
(Yellow) 


The presence of these ions is further ascer- 
tained from the solubility of silver halides 
in aqueous ammonia. Silver chloride is soluble 
in aqueous ammonia due to complex formation. 

AgCl(s)+2NHa(aq) > [Ag(NHs)2]Cl(aq) 

Diammine silver 
chloride (Soluble) 

The precipitate reappears on adding dilute 
HNOs. Silver bromide is sparingly soluble in 
aqueous ammonia whereas silver iodide is 
insoluble. 

6-17 HYDROGEN CHLORIDE 
(HYDROCHLORIC ACID) 


Molecular formula HCl 
Relative molecular mass 36°45 
Bo 


HeeCié 
oo 


Electron dot structure 


Hydrochloric acid is one of the important 
mineral acids and ranks along with sulphuric 
and nitric acid in usefulness. Traces of hydrogen 
chloride gas are found in volcanic gases. As 
chlorides, it is found in earth’s crust and in sea 
water. Small quantities of hydrochloric acid 
are present in gastric juices. 


6-17-1 PREPARATION OF HYDROGEN 
CHLORIDE 
Hydrogen chloride is prepared both in the 
laboratory and on a commercial scale by the 
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CONC. 
ZJ -SULPHURIC 
AC!D 


SODIUM 
CHLORIDE 


jo} CONC. 
CH RAS H2SO4 


WS 


HYDROGEN 
CHLORIDE 
GAS 


Fig. 6-29. Preparation of hydrogen chloride gas 


treatment of sodium chloride with hot concen- 
trated sulphuric acid. Hydrogen chloride is 
more volatile than sulphuric acid and is 
removed from the reaction as it is formed, 
thereby driving the reaction to completion. 


NaCl(s)+H2SO.()) > NaHSOa(s)+HCl(g) 


Only at higher temperatures, than those 
normally attained in the laboratory the normal 
sulphate is formed. 


2NaC(s)+H2SOa(!) > NasSOu(s)-+2HCl(g) 


The gas is collected by upward displacement 
of air as the gas is heavier than air (Fig. 6-29) 
Hydrogen chloride gas is dried by bubbling 
through concentrated sulphuric acid. 


On a large scale, hydrogen chloride can be 
produced by burning chlorine in hydrogen. A 
large amount of hydrogen chloride is available 
as a by-product in the chlorination of organic 
compounds. 


6-17-2 LABORATORY PREPARATION 
OF HYDROCHLORIC ACID 


Aqueous solution of hydrogen chloride is 
called hydrochloric acid. A concentrated 
solution of hydrochloric acid (36% by weight 
of HCl gas) cannot be prepared simply by 
passing HCl gas though a delivery tube into 
water, since the high solubility of HCi gas 
would ¢ause the water to suck back into the 
generating vessel (this could be disastrous, as 


water would flow back into 
For this purpose, a special 
‘sucking back’ is to use an 
shown in Fig. 6-13. The workin i 

has already „been discussed sates it ag 
The process is repeated unt cane 


The p s ila sa 
tion is obtained. Then the HCI sa ou: 


the sulphuric acid), 
device to prevent 
Inverted funnel as 


bubbles through its concentrated selution, igh 
6-17-3. PROPEL TIES OF HYDROGEN 


CHLORIDE 


Hydrogen chloride is a colourle i 
y L SS 
gas with choking smell. It is heavier than sie 
It is highly soluble in water. Tts high solubility 
can be demonstrated by ‘fountain experiment” 


in a manner similar to that for ammonia 


1. Reaction with wate i 
1. I r. When dis- 
solved in water, hydrogen chloride solution 
turns blue litmus red and, hence, is acidic in 


nature, In aqueous soluti 
and CI- ions exist. Hei ea pis 


ions exi 
known as hydronium ion, existas HgO*(aq) 


HCl(aq)-+-H20(1) + Ha 

Due to the presence 
hydrochloric acid exhibits 
It conducts electricity, 


It reacts with 

carbon dioxide gas, 
CaCOx(s)+2HC] > 

(Marble chips) (a4) Se To 


O*(aq)-+Cl-(aq) 
of H30*(aq) ions, 
all acidic Properties. 


marble chips producing 


Dry hydrogen chloride gas does not turn 
blue litmus red. On cooling it can be liquefied. 
Liquid hydrogen chloride neither conducts 
electricity nor it reacts with marble chips. This 
is, because, hydrogen chloride is a covalent 
compound. 


_ 2. Reaction with ammonia. HCl gas 
gives white fumes both with NH3 gas and 
aqueous ammonia, 

NHg(g)+HCl(g) > NH4Cl(s) 


3. Acidic properties. Aqueous solution 
of hydrogen chloride has the usual acidic pro- 
Perties. 


. (i) Hydrochloric acid (aqueous HCI solu- 
tion) reacts with metals (more electropositive 
than hydrogen) liberating hydrogen. 
Zn(s)-+HCl(aq) > ZnClo(aq)+Ħ2(g) 

Me(s)+2HCl(aq) >MgClz(aq)+H2(2) 

Aluminium and iron also react with 
HCl(aq) liberating hydrogen gas. Copper (less 
electropositive than hydrogen) does not react 
liberating hydrogen gas. 


(ii) Aqueous solution of hydrogen chloride 
neutralizes bases (oxide and hydroxide) to form 
a chloride and water. 

NaOH(aq)+HCl(ag) > NaCl(aq)+H2:0(1) 
Ca(OH)o(aq)-+2HCI(ag) > CaClo(aq)+2H20(!) 

Mg0(s)-+2HCl(aq) > MgCle(aq)-+H20(/) 

CuO(s)+2HCl(aq) + CuCle(aq)+H20(!) 
(iii) Hydrochloric acid decomposes car- 


bonates and bicarbonates forming a chloride, 
water and carbon dioxide gas. 


CaCOx(s)+2HCl(aq) > CaCle(aq)-+H20(1) 
+CO2(g) 

NaeCO3(s)-+ 2HCI(aq) -> 2NaCl(aq)-+Hs0() 
+COx(g) 

NaHCO3(s)-+HCl(ag) > NaCl(ag)-+H20(/) 
+CO2(g) 


4. Precipitation reactions. With salt 
Solution of silver, lead, etc., hydrochloric acid 
Bives precipitates of their chlorides : 

HCl(aq)+AgNOs(aq) > AgCl(s)-+HNOs(aq) 
(White precipitate) 
2HCl(aq)-+Pb(CH3COO)(aq) 
—> PbCl(s)+ CHsCOOH(aq) 
(White precipitate) 
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The white precipitate of AgCl dissolves in 
aqueous ammonia due to the complex 
formation. 


AgCl(s)+-2NH3(ag) > TAg(NHs)o]Cl 
iammine silver 
chloride 


Precipitation of AgCl is usually done in the 
presence of dilute HNO3. The precipitate does 
not dissolve in dilute HNO3. This can also be 
used as a test for hydrogen chloride or hydro- 
chloric acid. 


5. Reduction properties. HCI reduces 
some of the strong oxidizing agents and is itself 
oxidized to Cle. 


2K MnOa(aq)+16HCl(ag) + 2KCi(aq) 
+2MnClo(aq)-+ 8H20(/)+5Clo(g) 


KeCr207(ag)+ 14HCl(aq) -> 2KCl(ag) 
2CrCl3(aq)+7H20 + 3Clo(g) 


Mn02(s)+4HCl(ag) > MnCle(2q) 
+2H20(1)-+Cla(g) 


3HCl(aq)-+ HNO3(aq) + NOCK(aq) 
(3: 1 Aqua regia) -+2H2O(/)+Clo(g) 


Aqua regia is used for dissolving noble 
metals like gold and platinum. 


6-17-4 TEST FOR HYDROCHLORIC 
ACID 


Hydrochloric acid ionizes to give H+(uq) 
and Cl-(aq) ions. Chloride ions help in ascer- 
taining the presence of hydrochloric acid. 


(i) It gives dense white fumes of NH,Cl 
with a glass rod dipped in ammonia solution. 


(ii) If dilute nitric acid, followed by AgNOs 
solution, is added to hydrochloric acid con- 
tained ina test tube, a white precipitate of 
AgCI is immediately formed. The white pre- 
cipitate of AgCl is soluble in aqueous 
ammonia. 


6-17-5 EXPERIMENTS 


The following experiments can be perform- 
ed by the students in the laboratory after 
receiving instructions from their class teachers. 


1. To prepare a sample of hydrogen chlo- 
ride gas and to demonstrate its solubility ; 
water (Section 6-17-1) ; lability ‘in 


(Hint. Fountain experim i k 
Section 6-7-3). periment discussed in 
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2. To show the acidic behaviour of 
aqueous solution of hydrogen chloride. 


(Hint. Fountain experiment discussed in 
Section 6-7-3. Here water containing some 
blue litmus is used which turns red in the 
contact of HCl gas. This experiment also 
shows that HC! is soluble in water). 


3. To distinguish between dry hydrogen 
chloride and aqueous solution of hydrogen 
chloride. 


(Hint. Dry hydrogen chloride does not 
turn blue litmus red). 


4. To identify the presence of CI” ions in 
hydrochloric acid. (Section 6-17-4). 


5. To study the reaction of hydrochloric 
acid on zinc and magnesium. (Section 6-17-3) 


6-17-6 USES OF HYDROCHLORIC ACID 
1. In the manufacture of chlorine by 

electrolysis of concentrated hydrochloric acid. 
2. In the manufacture of various chlorides, 

dyes, drugs, paints and photographic materials. 


It is used in the manufacture of chloroethene, 
which is used in the manufacture of plastics. 


3. Itis used to ‘pickle’ iron, a process 
which removes rust from the surface of the 
metal prior to galvanization or enamelling. It is 
used in cleaning metals prior to electroplating. 


4. Itis used in the preparation of glue 
from bones and glucose from starch. 


5. Itisa constituent of aqua regia which 
is used to dissolve noble metals. 


6. It is used as a reagent in the laboratory. 


7. Itis used in purification of common 
salts. 


8. It is used in textiles, dyeing and tanning 


industries. 


6-17-7 DISTINCTION BETWEEN NITRIC, 
SULPHURIC AND 
HYDROCHLORIC ACIDS 


Tests for individual acid have been given 
earlier. Here some tests are given which help in 
identifying hydrochloric, sulphuric and nitric 
acids. (Table 6-9). 


WORK EXERCISES 
1, List the sources of halogens. 


2. Give a brief account of the characteristics 
of halogens. 


3. Give reasons for the following : 
(i) Halogens are coloured in nature, 


(ii) Most of the compounds formed with 
halogens are ionic in nature. 


(iii) The reactivity of haiogens decreases 
from fluorine to iodine, i.e., F> Ch> 
Bre> Ts. 

(iv) Halogens do not occur free in nature. 


(v) Pure HBr and HI cannot be prepared 
by the action of concentrated H504 
upon sodium bromide and sodium 
iodide respectively. 


4. Answer the following : 
(i) Is chlorine heavier than air ? 
(ii) Is HCI a ionic or covalent molecule ? 
(iii) Is chlorine soluble in water 2 
(iv) Is chlorine an oxidizing agent ? 
(v) Does red phosphorus ignite spontane- 
ously in the presence of chlorine ? 
(vi) Is chlorine used in the sterilizati 
drinking water ? ae ee 
(vii) Is chlorine smaller in size than fluorine? 


(viii) Is AgCI insoluble or soluble in aqueous 
ammonia ? 


Table 6-9 [Identification of acids 


Experiments 


ee ee 


Add some copper 
turnings 


Mix a few ml of 
barium chloride 
solution 


Mix a few ml of 
silver nitrate 
solution 


Nitric acid 


Reddish brown 


fumes of NO, 


Sulphuric acid Hydrochloric acid 


White precipitate 
of BaSOx, insoluble 
in cone. HCl 


— White precipitate of 
AgCI, soluble in 


| aqueous ammonia 


SE 


(ix) Is HCI prepared in the laboratory by 
treating KCI with hot concentrated 
sulphuric acid ? 

(x) Does dry hydrogen chloride show acidic 
nature ? 

5. What happens when : 

(i) Bleaching powder is treated with sul- 
phuric acid. 

(ii) Chlorine is bubbled through hydrogen 
sulphide solution. 

(iii) Chlorine is bubbled through a solution 
of potassium bromide. 

(iv) Calcium carbonate is treated with 
dilute HCl. 

(v) Zinc is treated with dilute HCI. 

6. Give the details of fountain experiment. 

7. (i) Give the reactions of hydrochloric, 
nitric and sulphuric acids with copper 
turnings. 

(ii) What is aqua regia ? 
its reactions. 

(iii) Name the elements with atomic num- 
ber 17 and 35. Give the significance of 
their names. 

8, (i) How will you get CO2, Cle and He 

using hydrochloric acid. 
(ii) Suggest a method using hydrochloric 
acid for the preparation of the follow- 
ing: 


Give some of 
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(a NHaCl, (b) AgCl, and (c) Diam- 
mine silver chloride. 


9. (i) Give four important uses of hydro- 
chloric acid. 


(ii) Give four important uses of chlorine. 


(iii) Suggest the tests 
hydrochloric acid. 


for chlorine and 


(iv) Name the compound used 
manufacture of plastics. 


in the 


(v) Name the compound used as an 
anaesthetic. 


(vi) Name three poisonous gases which are 
produced from chlorine gas. 


(vii) Name two insecticides and their 


applications. 


(viii) Name the salt of sodium which can be 
used as bleaching agent. 


10. Write two sentences on each of the 

followings : 

(i) Chlorine water, (ii) Physical states of 
halogens, (iii) Nature of bonds pre- 
sent in hydrides of halogens and 
compounds of halogens with alkali 
metals, (iv) Sea water as source of 
halogens, (v) Bleaching powder, and 
(vi) Hydrogen chloride. 


KEY TERMS 


form cations, They are electroposit 


lustre ; they can be hammered or rolled int 


i ired sh ; they are u 
e melted andicast into ey aR tack elements and some of the p-block 


They are generally solids, one exception is 


and electricity. Transition elements, 
elements are metals (Fig. 6-1). 
mercury. 


6-2 


Non-metals : 


electrons to form anions. They are electronegative elements. The 1 
Some of them are gases ; one bromine is a liquid ; 
ew of the non-metals have many of the characteristic 


uniform in their properties. 
and some other are solids. F 
properties of metals. 


In general, they are duct 
They are present in the right hand region of the periodic table. 


M 4 ts which have a tendency to lose electrons easily to 
ape ae a ive elements. They have characteristic 


o sheets or drawn into wire ; they can 
sually good conductors of heat 


Non-metals are the elements which have a tendency to gain 


They are not 


poor conductors of heat and electricity. 
They are mainly 


from p-block elements. Hydrogen is another non-metal (Fig. 6-1). 


6-3 Metalloids : 


Metalloids are the elements which possess some of the charac- 


teristic properties of both metals and non-metals (Fig. 6-1). 


6-4 Oxide : 


It is a binary compound of oxygen and some other element, The 


oxides of metals and non-metals when dissolved in water react in different ways 
to litmus solution, This makes the basis of classifying oxides. 
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6-5 Acidic Oxide : Oxides of metals generally react with water to form acidic 
solutions. They react with bases forming a salt, e.g., P4010, SO2, CO9, ete. 


6-6 Basic Oxide : Oxides of metals generally react with water to form basic 
solutions. They react with acids to forma salt, e g., NacO, MgO, CuO, etc. 


6-7 Amphoteric Oxide : Some oxides of metals show acidic as well as basic proper- 
ties. They react with a strong alkali forming a salt (acidic property) and also 
react with an acid forming a salt (basic property), e.g, ZnO, AloOg etc. 


6-8 Neutral Oxides : Their solutions in water do not show acidic as well as basic 
properties. 


6-9 Acid anhydride: A substance which on combining with water gives an acid. 
For example, SOg is the anhydride of H2SO4 ; N2Os is the anhydride of HNO3 g 
P205 is the anhydride of H3PO4. Thusan acidic oxide is called the acid anhy- 
dride of the acid it produces when it reacts with water. 


6-10 Oxyacid ; A compouud obtained from the combination of acid anhydride and 
water is called oxyacid, e.g., H5SO4, HNO3, HOCI, etc. 


6-11 Hydride : Any binary compound in which hydrogen is one of the constituents, 
e.g., HCI, NH3, H20, etc. 


6-12 Deuterium : Itis the naturally occurring isotope of hydrogen having mass 
number 2. It may be found in water. 


6-13 Tritium: It is the heaviest isotope of hydrogen having mass number 3. It is 
believed that tritium is produced in small amounts at high altitudes, but decom- 
poses so rapidly that it occurs on the earth only in extremely small amounts. 
It is produced in nuclear reactors. 


6-14 Protium : Jt is the most common isotope of hydrogen. Its mass number is 1. 
6-15 Heavy water: It is a binary compound of deuterium and oxygen. 


6-16 Hydrogenation: It is a process of adding hydrogen to an unsaturated 
molecule. 


6-17 Metallurgical operation : It is the process of separating metals from their 
ores and preparing them for use. 


6-18 Liquefaction. [t is a term used for a process by which a gas may be liquefied 
by increasing the pressure on it. 


6-19 Fractional distillation. It is a process by which the separation of a mixture 
of several liquids which have different boiling points is achieved. 


6-20 Fractionation. The term is usually applied to fractional distillation, 


6-21 Amino acid. A caroxylic acid which contains the amino group, —NHb. 
These acids are the units which link together into polypeptide chains to form 
proteins, 


6-22 Proteins. A class of complex nitrogeneous organic compounds of high 
molecular weight wbich are of great importance to all livining matter. 

6-23 Carbohydrates. A class of compounds which are produced by plants having 
general formula C»(H2O)m. e g. sugar, starch, etc. 

6-24 Nitrides. There are compounds of trivalent nitrogen and metals e g. magne- 
sium nitride, 


Y 
q 


6-40 


5 Lightning. It is an electric discharge in the form of a spark or flash between 


two charged clouds, or between a cloud and the earth. 
Nitrolime. It is calcium cyanamide. 
Slaked lime. It is calcium hydroxide. 


Quick lime. It is calcium oxide. 
Alumina. It is the oxide of aluminium, i.e. AlgOg. 


Promotor, A compound which helps the catalyst to accelerate the rate of a 
chemical reaction. 

Solvay process. (ammonia-soda process). It is an industrial method for the 
manufacture of sodium carbonate. 

Phosphorescence. In the contact of air, white phosphorus glows with a 
greenish light. This phenomenon is known as phosphorescence. 

Quartz : It is natural crystalline, silica, SiO3. 


Silicates : It is a salt of silicic acid, H2SiO3. 

Ultraviolet light : It is electromagnetic radiation in the wavelength range of 
approximately 4X 10-7 to 5x 1079 metres. Radiation from the sun; is rich in 
such rays. 

Hydrocarbons : These are organic compounds which contain only carbon and 
hydrogen. 


Fossil : It is the name given to the remains of an organism preserved in rocks 
in the earth’s crust. 

Kipp’s apparatus : A device used in laboratories for the production of gas 
which is used intermittently. 

Hydrogen-bond : It is a weak electrostatic chemical bond which forms between 
covalently bonded: hydrogen atoms and a strongly electronegative atom with a 
lone pair of electrons (e.g., oxygen, nitrogen and fluorine). 

Halogens. The four elements, fluorine, chlorine, bromine and iodine having 
closely related and graded properties are called halogens. 
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6-41 Van-der Waals force. It is an attractive force existing between atoms o1 
molecules of all substances. The force arises asa result of electrons in neigh- 
bouring atoms or molecules. 

6-42 Aqua regia. It is a mixture of concentrated nitric and hydrochloric acids 
Q3: 

UNIT THROUGH EXERCISES 
6.1. Point out the wrong statements in the (iv) Hydrogen sulphide acts as a reducing 
following : agent. 
(i) Metals form basic oxides, whereas non- (v) Dilute sulphuric acid on reacting with 
metals form acidic oxides. copper turnings gives sulphur dioxide. 
(ii) Hydrogen exhibits properties of a metal (vi) The bleaching properties of both 


(iii) Ozone is not an allotropic form of 


as well as of a non-metal. i 
on their reducing nature. 


oxygen. 


sulphur dioxide and chlorine depend 
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i) For the preparation of dilute sulphuric 
ga acid, qulphuric acid is added to water 
with constant stirring. 


(viii) Nitric acid reacts with most of the 
metals giving similar type of products, 


(ix) NH3 gas is collected by displacement 
of air in a inverted bottle. 


(x) Chlorine is the most active amongst 
halogens. 


Ans. (Statements (iii), (v), (vi), (viii) and (x) 
are wrong.) 
6-2. Name the gases produced in the follow- 
ing reactions : 


(i) Potassium chlorate is heated in the 
presence of manganese dioxide. 


Gi) Zinc is treated with dilute sulphuric 
acid. pe’ 

(iii) Magnesium is treated with dilute nitric 
acid. 


(iv) Dilute sulphuric acid is added to iron 
pyrites. 


(v) Copper turnings are heated with con- 
centrated sulphuric acid. 

(vi) A mixture of sodium nitrite and 
ammonium chloride is heated, 


(vii) A mixture of slaked lime and ammo- 
nium chloride is heated, 


(viii) A mixture of common salt and concen- 
trated sulphuric acid is heated. 


(ix) A mixture of manganese dioxide and 
concentrated hydrochloric acid is 
heated. 


(x) Copper is treated with concentrated 
nitric acid. 


(i) Ov, (ii) Hə, (iii) Hə, (iv) HS, 
(v) SOg (vi) Nea, (vii) NH3 (viii) HCL 
(ix) Cle (x) NO2 


6.3, (a) Comment on the role of the subs- 
tances underlined in the following reactions : 


(i) H2S+Cle — 2HCI+S 
Cone. H2504 
(ii), CuS04.5H,0 > CuS0..H,0+4H,0 
(iii) S4+-6HNO; > H2S04+6NO2+-2H20 


Ans. 


Pt 
iv) 4NH3+502 > 4NO+6H20 
(iv) 4NHs i K 


C) Ch+H:0 + HCIHHOCI 


Sunlight 
2HOCI —— > 2HCl-+-0 


(i) Reducing agent (ii) Dehydrating 
agent (iii) Oxidizing agent (iv) Catalyst 
(+) Oxidizing agent 


Ans. 


(6) Name two important allotropic forms of ` 

each of the following : Phosphorus and sulphur 

Ans. White phosphorus and red phosphorus; 
Rhombic sulphur and monoclinic sulphur, 


(c) Name the 


which the following 
ciated : 


element/compounds with 
terms/processes are asso- 


(i) Haber’s process 

(ii) Ostwald’s process 
(iii) Contact process 

(iv) Brown ring test 

(v) Kipp’s apparatus 

(vi) Phosphorescence 
(vii) Aqua regia 
(viii) Fountain experiment 

Ans. (i) Manufacture of ammonia 


(ii) Manufacture of Nitric acid 
Gii) Manufact 


n or the continuous 
supply of HeS gas (vi) A 
Phosphorus 


nature Tespectively 
when sulphur 


(iv) Aqueous soluti 
@) Colouring material p ton of  FeCls 


Give chemical equations, 
Ans. (i) Iz+2Hs0+50. 
(ii) — 2HoS +80. + 2H20+35 

(iii) NaOH +SOz + NaHSO, 
NaHSO3+NaOH > NaeSO3+HeO 
(iv) 2FeCls+SO2+2H50 > 2FeClo+- 

2HCI+-H»SO4 


eee SO» 
(») Colouring Matter -> Gets bleached 


2 > 2HI+HS04 


(b) What happens when Cle reacts with 
_ (i) Alkali metal (ii) Sulphur dioxide solution 
in water (iii) A non-metal (iv) Sodium hydro- 
xide (v) Slaked lime ? 

Give equations. 


Ans. (i) Molten sodium burns in chlorine 
with a yellow flame. 


2Na+Clg + 2NaCl 
(ii) SO2+H20 > H2503 
HeSO3+Cle+H20 > H2S04+2HCl 
(iii) White phosphorus burns spontan- 


eously in the atmosphere of Cla 
producing white fumes of chlorides. 


P4+6Clo —> 4PCl3 
Pa+1l0Cle —> 4PCl5 
(iv) 2NaOH+Cl > NEC 


(Cold, dilute) +H20 
6NaOH + 3Cle > NaClO3+-5NaCl 
(Hot, conc.) +3H,0 


(v) Ca(OH)2+Cle + 'CaOCle+H20 


_ (c) Write equations for the following reac- 
tions : 


(i) HgS gas is passed through an acidic 
solution of copper sulphate. 
(ii) Reaction of nitric acid on sulphur 
(ii) Hydrolysis of phosphorus pentoxide 
(iv) Reaction of ammonia with chlorine 


(v) Sulphur dioxide gas is passed through 
acidic potassium dichromate solution. 


Ans. (i) CuSOy-+HeS > CuS+HaSO4 
(Black ppt) 
(ii) S+6HNO3+>H2SO4+ 6NO3+2H20 
(iii) PyOi9+6H20 -> 4H3PO4 
(iv) 2NH3+3Cl, > Na +6HC1 


NH3+HCl > NHaCl 
(Excess) 
NHs3+3Cl. > NCls+3HCl 
(Excess) 
(v) KeCre0,+3SO02+H2SOs > K2S04 
ere" Cra(S00)s+ H20 


6.5. (a) Distinguish between hydrogen 
chloride and hydrochloric acid. 
(b) Why is chlorine a potential disinfectant? 
(c) Distinguish between the bleaching action 
of sulphur dioxide and chlorine. 
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(d) State the difference between polymor- 
phism and allotropy. 


(e) Name three oxides of metals and non- 
metals Give their reactions with water. 
(f) What is heavy water? Why is it known 
as heavy water? Give its uses. 


(g) Comment on the presence of oxygen and 
its role in atmosphere. 


(A) Why is phosphorus always kept under 
water ? Give reasons. 


Ams. (a) Hydrogen chloride gas in water is 

called hydrochloric acid. Hydrochloric 
acid is present as H+ and CI- ions, 
Here H+ exists as H3O*. 
H20(/)+-HCl(aq) +H30*(aq)+Cl-(aq) 
Due to the presence of H3O+ ions, 
hydrochloric acid exhibits acidic pro- 
perties. 
Hydrogen chloride has a single polar 
covalent bond. There are no H30*+, 
H+ or CI- ions. Thus, it does not 
exhibit acidic properties. 


(b) Chlorine on bubbling through 
water produces hypochlorous acid 
which in turn decomposes to 
produce atomic oxygen, the active 
disinfectant, and hydrochloric 
acid. 


(c) (i) Both sulphur dioxide and 

chlorine act as bleaching agents 
in presence of water. Dry gases 
do not bleach. 
(ii) Bleaching by sulphur dioxide 
is by reduction. Oxygen is remov- 
ed fiom the colouring matter 
present in the article, 

SO2+H20 > HeSOs 
H2SO3+ O (from colouring matter) 
—> HeSO4+ colourless compound 
Bleaching by chlorine is by oxida- 
tion when oxygen combines with 
the colouring matter present in the 
article. 

Cl2+H20 > HCl+HOCI 

HOC! > HCI+0 
O+(colouring -> Colourless 
matter) substance 
(iii) The bleaching by sulphur 
dioxide is temporary but the 


bleaching by chlorine is perma- 
nent, 
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(d) When a substance (element of 
compound) exists in more than 
one form in the same physical 
state the phenomenon is called 
polymorphism. Polymorphism 
in an element is called allotropy. 
Allotropy covers all the states— 
liquid, solid, gas. Polymorphism 
is restricted to only crystalline 
state. 


(e) Oxides of metals and their reactions 
with water 


Na2O+HeO0 > 2NaOH 
Cu0+H20 —> No reaction 
CaO+H20 + Ca(OH)2 


Oxides of non-metals and their 
reactions with water 
CO2+H20 > H:CO3 
P4010+6H20 + 4H3PO4 
SO3+H20 + HeSO4 


(f) A compound of deuterium (one 
of the three isotopes of hydrogen) 
with oxygen is cailed heavy water 
(D20). Although it resembles 
water, it has a higher density at 
room temperature and, hence, 
named heavy water. It is used in 
nuclear reactors as a moderator 
for controlling the speed of fast 
moving electrons, 


Atmospheric oxygen is continu- 
ously consumed by combustion 
and respiration processes. But 
the % of oxygen in the atmos- 
phere remains almost constant as 
the oxygen is continuously repro- 
duced by the plants by the photo- 
synthesis process. Its percentage 
in the atmosphere decreases with 
increasing altitude. This is why 
mountaineers face difficulty in 
breathing on high mountains. 


Atmospheric oxygen contains the 


16 
three isotopes of oxygen : 40 


18 J A 
oy and 2 At high altitudes 
8 
(or in upper atmosphere), ultra- 
violet light from the, sun disso- 
ciates some oxygen into atoms. 


Ultraviolet light 
Oz ALEE 20-+ energy 


= 


(g 


These atoms combine with oxygen 
molecules forming ozone, an 
allotrope of ozone. Ozone helps 
in preserving life on the earth by 
absorbing much of the harmful 
ultraviolet rays in sunlight. 

White phosphorus is very reactive 
in nature. Its ignition tempera- 
ture is only 308K. It sponta- 
neously catches fire in the atmos- 
phere and combines with oxygen 
forming oxide. Hence, it is always 
kept under water. 


(i 


= 


Multiple Choice Questions 


6-6. Puta (4/) mark against the suitable 


choice : 


(i) Which of the following elements is 
expected to have the most metallic 
character ? 

(a) P (b) S (c)Na (d) Cl 

(ii) Which of the following is wrong ? 

(a) Aqua regia isa mixture of hydro- 
chloric acid and nitric acid. 

(b) Pure nitric acid does not show 
acidic properties, 

(e) Sulphuric acid acts a 


Iric zts as an oxidizing 
agent in its reaction 


with copper. 
(d) Hydrogen sulphide acts as an 
oxidizing agent. 
(iii) Which of the following silver halides 
is most soluble in ammonium hydro- 


oxide ? 
(c) AgBr (d) AgI 


(iv) Which _ of the following oxidizing 
agents is used in the preparation of 
chlorine from concentrated hydro- 


chloric acid ? 
(9 Hasoa  () KMao, 

(v) each following acts as reduc- 
(J HNO; C) 8S0 

(vi) meet the following Statements is 


(a) Phosphorus shows allotropy. 
(b) Nitrogen is Produ 


ced by heati 
ammonium nitrate, beating 


(c) Nitrogen dioxide disolves in rain 
water to form nitric acid and 
nitrous acid. 

(d) An aqueous solution of sulphur 
dioxide turns starch iodide paper 
blue. 

(vii) Which of the following reactions is 
wrong ? 

(a), CuSO4 + HeS 
(Acidic solution) 

(b) NiSO4 + HS 
(Acidic solution) 


-> CuS+H2SO4 


~—> NiS+HS0; 
V205 

(e) 2802+0O2 i 2SO3 
723K 


Pt 
(d) 4NH3+5Q2 —> 4NO76H20 
(viii) Which of the following elements does 
not show allotropy ? 
(a) Oxygen (b) Nitrogen 
(c) Sulphur (d) Phosphorus 


(ix) Which of the following electron confi- 


gurations does not represent non- 
metals ? 
(a) 2, 8,7 (b) 2, 8, 5 
(c) 2, 8, 2 (d) 2, 8, 6 

(x) Which of the following statements is 
correct ? 


(a) Halogens are found in the com- 
bined state in the earth’s crust. 

(6) Sulphuric acid is a viscous liquid. 

(c) Hydrogen sulphide gas is employed 
in qualitative analysis of anions 
and cations. 
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(d) Ammonia is manufactured by 
Ostwaid’s process. 

(i) c ii) d (ii)b (ya Wa 

(vi) d Gi b (viii) b (x)c (ix)d 


Ans. 


6-7 Fill in the blanks: 


(i) Sulphur dioxide is collected by ......... 
displacement of air. 


EY: os raaa is used for the hydrogena- 
tion of vegetable oils. 


(iii) Substances having similar chemical 
properties, but different Physical pro- 
perties are termed .- 

(iv) Smphürigr trioxide is ite: aa ee of... 


0) CLAIE ts used in the industrial prepara- 
tion of sulphuric acid by contact 
process is . 


(vi) Bleaching DPE is s Cformed when 
chlorine is passed through .. 
Gin Chlorine is more reactive tank 

. which in turn is more reactive than 


(ix) . reacts with ...... 
sunlight to form hydrochloric acid and 
oxygen. 

(x) Sulphur dioxide behaves as an ... ... 
oxide. 


Ans. (i) upward (ii) hydrogen (iii) isotopes 


(iv) H2SO4 (v) vanadium pentoxide 
(vi) slaked lime (vii) bromine, iodine 
(viii) sulphuric acid (ix) chlorine, water 
(x) acidic, 


6 8. Match the descriptions under column B against the statements given under column A, 


Column A 


(i) Non-metals 
(ii) Metals 
(iii) Hydrogen 
(iv) Sulphuric acid 
C) Nitric acid 
(vi) Chlorine 
(vif) Sulphur dioxide 
(viii) HəS 
(ix) Calcium cyanamide 
(x) Phosphorite 


Column B 


(i) Haber’s process 
(ii) A dehydrating agent 
(iii) A greenish yellow gas 
(iv) Replace hydrogen from acids 
(v) Do not replace hydrogen from acids 
(vi) A fertilizer 
(vii) An oxidizing agent 
(viii) A punzent smelling gas 
(ix) A reducing agent 
(x) A source of phosphorus 
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REVIEW QUESTIONS 


6-1 Complete and balance the following 


reactions : 


Heat 
(i) KClO3; —> 
(ii) Ip+SO2+H20 ——> 
(iii) BaCl- H2S04 —> 
Heat 
(iv) NHaNO2 ——> 
w) NHg+Clz——> 
(vi) NHaOH+CuS0; — > 
(Excess) 
ii) Cu+HNOs ——-> 
23 (Concentrated) 
iii 4HNO3 —— > 
ae te (Concentrated) 


(ix) Psa+3NaQH+3H20 ——> 
(x) NaOH +Clh —> 
(xi) Ca(OH)2+ Cle —> 
(xii) HNOs3+H2S ——> 
(xiii) NH3+02 —~ 
(xiv) FeS+H2S04 — + 
6-2 (a) How do the physical properties of 


metals differ from those of non- 
metals ? 


mpare the metals and non-metals 

(h) on tes to (i) Hydrolysis of 

oxides, (ii) Reaction with acids, (iii) 

Combination with hydrogen, and (iv) 
Nature of chlorides. 

6-3 (i) Discuss the position of hydrogen 
in the periodic table. 


ji) Name the various isotopes of hydrogen 
gp with their symbols and relative atomic 
masses. 


(iii) State the uses of hydrogen and heavy 
water. 

6-4 (i) Justify the position of oxygen and 
sulphur in group VI A. 

(ii) What do you understand by the term 
allotropy. 

(fii) State the uses of oxygen. ; 

6-5 Briefly describe the following processes : 

(a) Haber's process 

(b) Frasch’s process 


(c) Ostwald’s process 
(d) Contact process 


6-6 (a) Which element is 
(i) the most reactive halogen, and 
(ii) with alltropic forms in group V A ? 


(b) Which gas forms dense white fumes 
with HCl ? 


(c) What is anhydride of nitric acid ? 


(d) Which gas is responsible for red brown 


colour when nitric acid oxidizes a 
metal ? 


(e) Which species is oxidized when HS is 
reacted with Cls ? 


(f) Which compound acts as a dehydrating 
agent in the preparation of ammonia ? 
(g) Which ion gives brown Ting test ? 


(h) Which compound gives sulphuric acid 
on reacting with water in the final 
stages ? 

(i) What would be the beha 
HCI towards litmus ? 


(j) At what temperature does monoclinic 


sulphur change into rhombic sulphur 
and vice-versa ? 


Viour of pure 


6-7 What would happen if the hydrides of 
oxygen and sulphur are mixed toge- 
ther? How would such a solution 
behave towards (a) wet litmus Paper, 


and (b) aqueous solution of lead 
acetate, 


6-8 Explain the following : 
(i) HoS is a better reducin agent than 
H,0. Mahe 


(il) H504 is added to water w 
a dilute solution of HS0; 
(iii) The concentrated and 
better oxidizin 

hot H504. 


6-9 (a) Hoy Po Yon nen for the high 
viscosity and high boilin i ji 
centrated H2504 ? te ag 


(b) Why does cone: 
tize blue coppe 


hile making 


hot HəSO4 is a 
& agent than dilute and 


entrated HSO; declo- 
T sulphate crystals ? 


(c) A measure of the industvialization of a 
country is the consumption of sulphuric 
acid. Comment. 


6-10 Explain the following : 

(i) In the absorption tower (contact pro- 
cess), water is not used for absorption 
of SOs. 

(ii) Potassium compound is used with 
V20; in the contact chamber. 

(iii) Platinized asbestos is not much in use 
in the manufacture of HgSOxg by con- 
tact process. 

(iv) Gases are purified prior to their entry 
into contact chamber. 

6-11 (a) Which properties of sulphuric acid 
make it useful for the industries 7 

(6) Name the catalysts used in the manu- 
facture of H2SO4 by contact process. 

(c) What are the various optimum condi- 
tions employed in the manufacture of 
H2SO0; by contact process ? 

(d) Explain the reason for the heat evolved 
when concentrated HaSO4 is’ added to 
water. 

6-12 (i) Suggest a method using H2SO4 for 
the preparation of the following com- 


pounds : 
(a) SOs, (b) CO2, 
(c) HəS, (d) HCI, 
(e) Ho, (f) Oleum. 


(ii) Suggest a method for the preparation 
of oleum and NaSOg starting from 
SOs. 

6-13 Give the electron dot structures for the 
following : 


(i) HS (ii) HeSO4 
(iii) SO2- ion (iv) SO2 
iv) SO3 (vi) HNOs 
(vii) NH3 (viii) HCI 


6-14 (a) Give two natural sources of the 
following : 
(i) Oxygen, 
(iii) H28, (iv) SOx, 
(v) Nitrogen, (vi) Ammonia. 
(b) Give two natural sources of occurrence 
for each of the followings : 
(i) Halogens (ii) Phosphorus 
(lii) Sulphur (iv) Nitric acid 


(ii) Ozone, 
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6-15 (a) How many electrons are there in 
the valency shell of nitrogen and chlo- 
Tine < 
(b) Hew many electrons does an atom of 
eack nitrogen and chlorine require to 
attain the nearest noble gas structure ? 
(c) What is the nature and number of 
bonds in nitrogen and chlorine mole- 
cules ? 
(d) What are the methods of detecting 
chlorine, bromine and iodine ? 
(e) Give the tests to identity chloride, 
bromide and iodide ions. ‘ 
(f) How will you distinguish between nitric, 
sulphuric and hydrochloric acids ? 


6-16 Comment on each of the followings : 
(i) NH3 gas is collected by displacement 
of air in an inverted bottle. 

(ii) Nitrogen cannot be dried over anhydr- 
ous CaCle or P205. 

(iii) Red phosphorus does not catch fire 
spontaneously. 

(iv) AgCI dissolves in aqueous ammonia. 

(v) Aqueous nitric acid is a strong acid. 

(vi) Traces of nitric acid are found in rain 
water after lightning. 

6-17 (a) Explain the bleaching action of 
chlorine. Are all the halogens capable 
of acting as bleaching agents ? Explain. 

(b) Give a few reactions exhibiting the 
relative reactivity of the halogens. 

6-18 (a) Arrange the halogens in order of 
increasing : 

(i) Atomic size, (ii) Oxidizing activity, 

(iil) Intensity of colour, and 

(iv) Bleaching power. 

(b) Give a general method for the prepara- 
tion of halogens with a chemical equa- 
tion. 

(c) Give the reaction of chlorine with the 
following : 

(i) Antimony (ii) Wax candle 

(iii) Turpentine, and (iv) Hydrogen 

(d) Which of the following reactions will 
occur as given? Suggest a generaliza- 
tion about which halogens will displace 


others from an aqueous solution of the 
halide ions. 
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Cle+2I-(aq) > 2Cl-(aq)+Ie 
Ig+-2Br (aq) > 21-(aq)+Bre 
Bre+2Cl (ag) > 2Br-(aq)+Cle 
6-19 (a) Suggest a method for the prepara- 


tion of hydrogen chloride. Can this 
method be used for the preparation of 


hydrogen bromide and hydrogen 
iodide ? 

(b) Illustrate the behaviour of NH3 as : 

(i) a base, 

(ii) a reducings agent, and 

(iii) a complexing agent. 

(c) Starting from anhydrous sodium 
nitrate, suggest a method for producing 


nitric acid. Give its reaction with 
metals and non-metals. 


6-20 (a) How would you prepare the follow- 
ing from white phosphorus : 
(i) phosphene, 
(íi) phosphorus pentachloride, 
(iii) phosphoric acid, 
(iv) phosphorus pentoxide, and 
(v) red phosphorus. 


(6) Name the constitutents of phosphor- 
bronze and its uses. 


(c) Name three nitrogenous and one phos- 
phatic fertilizers, 


(d) Name two nitrogenous explosives and 
two nitrogen compounds used as 
laboratory reagents, 


(e) Name one phosphorus compound used 
for killing rats and in safety matches, 


(f) Name a substance which can Continue 
to burn in chlorine gas, 


‘g) Name one germicide and its applica- 
tions. 


6-21 Name the following: (i) An insec- 
ticide, (ti) A variety of Plastics, (iii) 


from chlorine, (iv) D. 
ammonia, (v) Catalyst used in oxida- 


as—oxidizing agent 
dehydrating agent, 
ting H2S, (xi) Bleaching agent, 

Reactions which prove acidic natu 
HS, (xiii) Acid whi 
oxidizing agent, (xi 
each of hydrides an 
metals, and (xy) Isotopes of hydrogen, 


UNIT 7 


Some Useful Compounds 


Humphry Davy, the English scientist, isolated 
sodium, potassium, magnesium and calcium by. 
the electrolytic methods. 


Humphry Dav’ 
(1788-1826) 


Learning Ob jectives. 


At the completion of this unit, you should be able to : 
1. Give the methods of preparations of the various compounds given in the unit. 


2. Outline the properties of the compounds. 

3. Recognize the uses of the, ¢ompounds and thus appreciate the impact of chemistry 
on day-to-day life. 

4, Understand the meaning of water of crystallization, 
available chlorine, etc. 

$. Give reasons for the bleaching action of chlorias, setting: 

6. Draw outlines of the industrial units déscribed in the test. 
Demonstrate some of the important properties of compounds—slaking of lime, 
dehydration of copper sulphate, esc. 


slaking of lime, efflorescence, 


up of plaster of pairs, ete. 


(165) 
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71. INTRODUCTION 


Chemistry is one of the vitai areas of science 
helping in the efforts of providing us witha 
better life. We usea large number of subs- 
tances in our day-to-day life. Plastics, fuels, 
cosmetics, fertilizers, medicines, metals aad 
alloys, textiles, soaps and detergents, insectici- 
des, etc, are the boons of chemistry. They 
have helped in making our life comfortable. 


With the above view in mind, some impor- 
tant chemical compounds which find their use 
in day-to-day life, in industries, in increasing 
production capacity of land, etc. have been 
discussed in this unit. In this unit, preparation, 
properties and uses of a few such substances 
have been discussed. 


7-2 CALCIUM OXIDE, CaO 


Calcium oxide is the most common and im- 
portant of all the calcium compounds. Its com- 
mercial name is quicklime or caustic lime. 


FUEL 


:4:] COMBUSTION 
ZONE 


COOLING 
ZONE 


DISCHARGING 
DOOR 


AIR 


Fig. 7-1. ] 
Pacruficture of calcium chloride 


A view of the kiln for the 


Preparation. Industrially calcium oxide 
is obtained by heating one of the forms of 
calcium carbonate, e.g. limestone to 1173- 
1473K in a lime kiln (Fig. 7.1) 

1173-1473K 
CaCOg(s) ——— > CaO(s)+COa(g) 

The thermal decomposition is reversible and 
thus removal of carbon dioxide prevents its 
recombination with calcium oxide 


Limestone is added to the lime kiln through 
the hopper. Heat is provided by burning coal 


in fire boxes present on the sides of the kiln. 
Carbon dioxide and other waste gases escape 
through the openings near the top. Quicklime 
is collected from the bottom of kiln. This is 
a continuous process. Quicklime is usually 
obtained as white lumps. 

In the laboratory, 


calcium oxide is best 
Prepared by heating the 


nitrate or hydroxide, 


Properties. Pure quicklime is a white 
Porous solid. It melts at 2850K. It is extre- 
mely stable and does not decompose even on 
fusion. It gives brilliant white limelight, when 
heated to a high temperature. 


Quicklime reacts readily and violently with 
water at ordinary temperature (strong affinity 
for water). When quicklime is moistened with 
water, it combines with water producing a 
hissing sound and Jot of heat. As the reaction 
proceeds, the mass swells and cracks, becoming 
very hot and steaming, finally crumbling to a 
fine white bulky powder, The fine powder 
obtained is called slaked lime and consists of 
calcium hydroxide, Ca(OH)>. 


CaO(s)+H20(/) > Ca(OH)o(s)-+ Heat 
This process is called the slaking of lime, 


Calcium oxide is a b 
in acids producing calci 
water. 


asic oxide and dissolve: 
um salts of the acid and 
CaO(s)+2HCkaq) > Cac, 


It liberates ammonia from 
2NH4Cis)+CaQ(s) 


a(S) + H20(1) 
ammonium salts, 
> 4NHs(g)+H0(/) 
+CaCh(s) 
It reacts with chlorine above 573K 
2CaO(s)-+2Clo(g) => 2CaClo(s) +Oz(q) 


Uses. has been put to vari 
Mai p various 


Quicklime 


(i) In the manufacture of Slaked li 
cement, glass, bicaching Powder, nee 


carbide, basic calcium nitrate, calci A 
phite, etc, cium bisul- 


(ii) Used in the paper making, tanni 
a fertilizer and in calcium-sand nora ae r 
(iii) Used in the manufacture of sodali 
) ID n al 
by slaking quicklime with concentrated asu 
caustic soda, 


(iv) Used in the laboratory as an absorbent 
for carbon dioxide and waste acidic gases and 
for decarboxylation of salts of carboxylic acids. 


(v) Used to dry ammonia and sometimes 
to dry alcohol. 


3 (vi) Used in metallurgical processes (as 
lining in furnances) to remove acidic oxides as 
fusible slag. 

SiOo(s)+CaO(s) > CaSiOa(s) 
P4Oj0(s)-+ 6CaO(s) + 2Cas(PO4)2(8) 


(vii) In the purification of coal gas and 
softening of water. 


7-3 CALCIUM HYDROXIDE, Ca(OH): 


Calcium hydroxide is commonly known as 
slaked lime or hydrated lime. 


Preparation. . Calcium hydroxide is pro- 
duced commercially by the action of cold water 
on quicklime. 

CaO(s)+H:0(1) -> Ca(OH)2(s)-+Heat 

This process is known as slaking of lime. 
On adding water to a lump of quicklime, the 
lump begins to swell and break up. It gets 
very hot and some of the water is converted 
into steam, 


Tt can also be prepared by the action of 
water on calcium metal, 


A suspension of slaked lime in water is called 
meo lime and is used as a cheap indusirial 
r ali. The filtered, saturated solution is called 
ime water, which is used in testing for carbon 
dioxide. 
Properties. Calcium hydroxide is a white 
Morphous powder. It is slightly soluble in 
water and its solubility falls with increase in 
emperature. On heating to red heat, it rapidly 
evolves steam, leaving quicklime. 


When carbon dioxide is passed through the 
saturated solution of calcium hydroxide (lime 
water), it first turns milky due to the formation 
of calcium carbonate. 


Ca(OH)a(aq)-+CO2(g) > CaCO3(s)+H20(0) 


On passing CO% for long, the solution again 
rte clear. Here excess of carbon dioxide 
E issolves calcium carbonate forming calcium 
icarbonate, Ca(HCO3)2- 
CaCOz(s)+H20(s)+CO2(g) -> Ca(HCOs)2(4q) 
a The reaction also accounts for the presence 
temporary hardness in water. 
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When the solution of bicarbonate is heated, 
it acquires milkiness again due to the forma: 
tion of calcium carbonate. 


Heat 
Ca(HCOs)2(aq) > CaCO3(s)-+ CO2o(g)-+-H29(/) © 


On passing chlorine through a cold suspen- 
sion of calcium hydroxide (milk of lime), 
calcium oxychloride (bleaching powder) is 
formed. 

Ca(OH)2(aq)+Cls > CaOCle(s)+H20(/) 

Bleaching 
powder 


Uses. The uses of calcium hydroxide are 
given as under. 


1. Calcium hydroxide is used in the 
chemical industry, in paper making, in tanning, 
as a fertilizer and in lime-sand mortar. 


2, Slaked lime is used in the manufacture 
of glass, bleaching powder, caustic seda, etc. 


3. Calcium hydroxide is used for the 
absorption of acidic gases as in the purification 
of coal-gas, the recovery of ammonia from 
waste liquors (ammonium chloride) in the 
ammonia-soda process (Solvay process) and 
the softening of water. 

4, It is commonly used in white-washing. 
After applying, slow absorption of carbon 
dioxide occurs with the formation of calcium 
carbonate which on drying gives a bright 
appearance to the surface. 

5. Lime water is used in medicine as a 
dressing for burns and as an antidote for 
poisoning by sulphuric or oxalic acid. 

6. Calcium hydroxide is added to soil to 
correct acidity and to make heavy soils lighter. 
7-4 SODIUM CORBONATE, 

NaoCO3.10H20 

Sodium carbonate is commercially known 
as soda or washing soda It is available in three 
commercial forms : 

(i) Washing soda crystals, NagCO3.10H,0 

(ii) Crystals of carbonate, NagCO3.H2,0 

(iii) Soda ash, NaeCO3 

Preparation. Sodium carbonate is manu- 
factures by the ammonia-soda or Solvay pro- 
cess. This process involves the passing of 
carbon dioxide through a concentrated solution 
of sodium chloride (brine) saturated with 
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am ia, NaCl gets converted into sodium 
boat: Sodium bicarbonate , gets preci- 
pitated as it is less soluble in cold water, The 
following reactions take place : 
(1) 2NH3(g)-+-2H20(/)+2CO2(g) > 
2NHaHCOs3(aq) 
Ammonium bicarbonate 
HCO3(aq)-+NaCl(aq) > NH4Cl(aq) 
Go ae +NaHCO,(s) 
Sodium bicarbonate 


Sodium bicarbonate, a crystalline solid is 
then heated to produce sodium carbonate. 


Heat 
2 CO — Na2CO3(s)+H20(/) 
(3) 2NaHCOa(s) 2CO3 Doon 


Carbon dioxide and ammonium chloride 
obtained in the process are re-used. 


The Solvay process (Fig. 7.2) involves the 
following stages : 
AMMONIA 
ABSORPTION TOWER 
AMMONIATED 


AMMONIA 
PLANT 


CaCl FILTER 


Fig. 7-2. The ammonia-soda (Solvay) process 
for the manufacture of sodium carbonate 


1. The preparation of ammonical 
brime. A saturated solution of common salt 
(brine) is passed down a tower fitted with baffle 
plates. Ammonia is pumped up from a bottom 
of the tower. Ammonia mixes with brine and 
saturates it. 


2. The preparation of sodium bicar- 
bomate. TA dioxide obtained by heating 


limestone (CaCO3 > CO2+CaQ) is blown, 
through the ammoniated brine passing down 
the Solvay tower fitted also with baffle plates, 
These plates ensure the thorough mixing of 
carbon dioxide and ammoniated_ brine. Here, 
the fundamental reactions (1) and (2) of the 


whole process take place to produce sodium 
bicarbonate. 


3. Formation of sodium carbonate, 
The sodium bicarbonate (less soluble in cold 
water), formed as a slurry is fed into the rotary 
vaccum filter, and the solid mass is then heated 
in furnaces to produce sodium carbonate 
(reaction 3), Carbon dioxide formed by the 
decomposition of sodium bicarbonate is passed 
back to the Solvay tower. 


Calcium oxide obtained on heating lime- 
stone (a source of carbon dioxide) is used in 
the ammonia plant to reproduce the ammonia 
from the ammonium chloride solution. 


CaQ(s)-+2NHsCl(aq) > H20(/)+2NH,(g) 

+CaClo(s) 

Calcium chloride is the by product of the 
process. 


In laboratory, sodium carbonate can be 
prepared by passing carbon dioxide through 
hot concentrated solution of sodium hydro- 
xide. Sodium hydroxide solution is saturated 
with carbon dioxide, 


NaOH (aq) +CO2(g) > NagCO4(s)-+H0(!) 


On cooling, crystals of sodium carbonate 
(NagCO3.10H20) separate out. In hot medit 
NaHCOs is unstable. ta 


Properties. Sodium carbonate is a white 
crystalline substance containing water of crys- 
tallization (10 water molecules). It is efflores- 
cent, i e., it gives up water of crystallization to 
the atmosphere on standing and crumbles to 


powder with the composition, NagCO3.H2O 
the monohydrate. j 


NazC03.10H0 > Na2C03.H20+9Hg0 
When heated strongly, it first loses all its 
water of crystallization and then melts at 
1125K, but does not decompose. 
Na2C03.10H20 -> NasCO3+ 10H30 
It is soluble in water with evolution of heat, 
The solution is alkaline in nature due to 
hyárolysis. 
NaCO; > 2Na* +CO,2- 
CO3?--+H,0 = HCO;-+0H- 


HCO 3 +H20 = HeCO3+OH- 
HCO; = COe2+H20 
or NagCOs+H20 + 2NaOH+COz 
It is decomposed by acids with effervescence 
giving carbon dioxide (CO turns lime water 
milky). 
NagCOs(s)--2HCl(aq) > 2NaCl(aq)+H20(/) 
+CO2(g) 
When carbon dioxide gas is passed _ through 
a moderately strong solution of sodium car- 
bonate, a white precipitate of sodium bicarbo- 
nate forms, 


NagCO9(aq)-+ HgO(/) + CO2(g) > 2NaHCOs(s) 


Uses, 1. Sodium carbonate is widely used 
in the soap, glass, textile, paper, ceramics and 
food industries, 

2, It is used for softening of water, 

3, It is used in the manufacture of sodium 
hydroxide, borax, water glass and other sodium 
compounds, 


4. It is a common domestic cleansing 
agent, 


5, It is used in the laboratory as a reagent 
and also as a standard base in acid-base 
titration. 


7-5 PLASTER OF PARIS, CaS04.}H20 


The hemi-hydrate of calcium sulphate is 
known as ‘plaster of Paris’. 

Preparation. It is prepared by heating 
gypsum (natural source of calcium: 
CaSO4.2H2O) at 385K. At this temperature 
gypsum loses 3/4th of its water 


CaSO4.2H,O > CaSO4.$H20+1$H20 


_ Athigher temperature the anhydrous salt 
is formed. This is known as dead burnt 
Plaster. 


Properties. Plaster of Paris is a white 
powder. It absorbs water at ordinary tem- 
perature with evolution of heat. It has a 
distinct property of setting up on wetting with 
water. On mixing with water it sets to hard 
mass of the dihydrate and expands slightly. 


Uses. Plaster of Paris finds uses as follows : 
(G) In making casts and patterns for 
moulds and statues. 


(i?) Used in surgery for plastering fractured 
Parts of the body. 
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(iii) Used for preparing black-board chalks, 
(iv) Used as fire-proofing material. 
7-6 SODIUM NITRATE NaNO; 


Sodium nitrate is known as Chile saltpetre 
as it occurs in large quantities in a rainless 
desert region of Chile. It is usually found 
mixed with sodium iodate. Pure salt is 
obtained by fractional crystallization. 


Preparation. (ij) Natural deposits of 
sodium nitrate are broken into pieces and 
treated with water. It is separated from in- 
soluble impurities by solution in water, The 
solution is evaporatcd by the heat of the sun. 
Sodium nitrate is crystallized out. It is further 
purified by recrystellization from water, 
Sodium nitrate crystallizes out first as it is less 
soluble than sodium jiodate. The iodate bear- 
ing mother liquors are the richest source of 
iodine. 

(ii) It is usually manufactured by treating 
soda ash with nitric acid, 

NagCOg(s)+-2HNOg(ag) > 2NaNOs(aq) 

+-COa(g)-+ Hg0() 

On concentrating and cooling the solution, 
sodium nitrate crystallizes out. 

Properties, Sodium nitrate is a white 
crystalline solid. It is deliqugscent „in nature 
and very soluble in water. 

It metals at 593K and decomposes readily 
above 823K giving oxygen and sodium nitrite. 
NaNOs(s) + 2NaNOa(s)+O2@) 


A piece of glowing charcoal or feebly burn- 
ing sulphur or phosphorus in the contact of 
molten sodium nitrate catches fire and burns 


explosively. 


4NaNOs<(I)+-5C(s) > 2Na2COs(s) 
ake +3COa(g)-+Na(g) 


2NaNO3(I)+2S(s) > NaeSOa(s) 
+S0O2(g)+Ne(g) 
6NaNOs(/)+6P(s) > 2NagPOa(s) 
+P 4040(s)+-3Na(g) 
Uses. Sodium nitrate is used : 
(i) As a nitrogenous fertilizer. 


(ii) In the manufacture of explosives and 
fireworks. 
_ (iii) In the manufacture of potassium 
nitrate. Potassium nitrate is used in making 
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gunpowder and fireworks. Sodium nitrate is 
not used in gunpowder since it absorbs mols 
ture from the air. 
(iv) Also in the production of lead glass 
nitric acid, sodium nitrite, etc. 
(v) For curing meat. 


7-7 BLEACHING POWDER, CafOC}cl 


vation. Bleaching powder is made 
commercially by the action of chlorine upon 
slaked lime. The plent employed these days 
(Bechmann’s plant) for the preparation is 
shown in Fig. 7-3. 


Ca(OH)e(s)+-Cle(g) > CaOCi.{s)+H20(!) 


0} ies. Bleaching powder, a white 
igi aes strongly of chlorine, It is not 
completely soluble in water (lime is left behind). 
Jt is thermally unstable. It decomposes on 
heating. The powder also decomposes on 
exposure to atmosphere forming chloride and 
some chlorate. 


30CI- + 2Ci-+ClOs 


The decomposition in the presence of cobalt 
salts gives oxygen. 


20CI > 2Cl-+O2 
It reacts with COs in the presence of moisture. 
Ca(OCl)CI+CO2 > CaCO3+Cle 


It reacts with dilute acids when the total 
amount of chlorine present is evolved. In the 
case of reaction with CO3, also total chlorine is 
evolved. 


Ca(OCl)Cl+-H2SO4 > CaSOg+ H20+Clo 
Ca(OClCi+2HCI + CaClo+H20+Cle 


The chlorine thus released from a sample of 
bleaching powder on treating with dilute acid 
is known as available chlorine. Available 
chlorine is responsible for the bleaching and 
oxidizing properties of bleaching powder. The 
standardization of bleaching powder depends 
upon the amount of available chlorine. It is a 
powerful oxidizing agent. 


Ca(OCI)CI+2KI+2HC1 > CaCle+2KCl 
+H20+T2 


The estimation of available chlorine can be 
done on the basis of this reaction by titrating 
the liberated iodine with sodium thiosulphate 
solution. ; 


lu the presence of a smali amount of dilute 
acid it loses its oxygen. 


7Ca(OCHCl+H230, > CaCl LCaSO, 


+ HOCI 
HOC! — HCI+O 
Nascent oxygen causes the bleaching of the 
article. 
=æ SLAKED LIME + 
COMPRESSED AIR 
WASTE 
H 
Bp oe: CHLORINATING 
TOWER 
RAKE 
CHLORINE 
-e3 a 
HOI AIR 
BLEACHING 
POWDER — 


Fig. 773. Bachmann’s plant 


Uses. (i) Bleaching powder is a valuable 
ready source of chlorine. (ii) It is used as 
bleaching agent (unit 6 ; for paper-pulp, cotton 
and linen), disinfectant, oxidizing agent for 
sterilizing water (germicide) and in the manu- 
facture of chloroform. (iii) It, alongwith 
dilute acids, renders wool unshrinkable. 


7-8 COPPER SULPHATE, CuSO,.5H,0 

The sulphate is the most common and 
important of all the copper salts. On crystal- 
lization from aqueous solution, the blue penta- 
hydrate, CuSO4.5H20 (anhydrous salt is 
colourless) known as blue vitriol (commercial 
name), is formed, 


, Preparation. It is prepared industrially 
either by blowing a stream of air through scrap 
copper and dilute sulphuric acid or by oxidizing 
sulphide directly to sulphate. Sometimes sul- 
phide is first toasted to oxide which may later 
be converted into sulphate with sul pburic acid. 

2Cu+2H2SO4+-0, > 2CuSO4+2H20 

_ Properties. The four waters of crystal- 
lization of the pentahydrate sulphate are co- 
ordinated square planarly to the central copper 


DOS —< 


—————— 


cation and the fifth water molecule is held bv 
hydrogen bonds between a sulphate ion and a 
coordinated water molecule. 


Structure of CuSO,.5H,O, [Cu(H,0)SO.H:0] 


The blue crystalline pentahydrate on heat- 
ing loses water in stages and finally anhydrous 
salt decomposes on strong heating. 

373K 


305K 
CuS04.5H20 ——— -> CuSO4.3H20 —— > 


Blue Desicator (Pale blue) 
) ‘ SO4.H2,O 
(Bluish white) 
| 503-523K 
Strong heat Y 
Cu0+803 <———_—_— CuSO. 


uSO4 
573K (White) 


The last water molecule (attached to the S042- 
ion) is difficult to remove asit is deeply embed- 
ded in the crystal lattice. 

The anhydrous salt, CuSO4, gets back its 
blue colour when treated with water. Thus, 
dehydration of copper sulphate is a reversible 
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process. Thi. property is employed to see the 
presence of moisture. 


CuSO4+5H20 = CuSO3.5H2O0 

Aqueous solution of copper sulphate show 
acidic properties due to hydrolysis. 
[Cu(H20)6]?*+ H2O=[Cu(H20),0H]* + HsO+ 
or Cu*++H20 = [CuOH]*+H+ 
[Cu(H2O)¢]?* ions impart blue colour to the 
aqueous solution, Colour, however, depends 
on the nature of ligands (anhydrous CuSO4 is 
colourless). The colour changes to dark blue 
when water molecules are substituted by am- 
monia. Thus, dark blue colour of the solution 
is due to [Cu(NH3)4.2H2O]?+ ions. 


It also forms double salts with alkali metal 
sulphate and ammonium sulphate, e.g., 
CuSO4.(NH4)2SO4.6H2O 
ahd KeSO4.CuSO4.6H20. 
It reacts with iodides with liberation of 
iodine quantitatively. This reaction is the basis 
of iodometric estimation of Cu?+ ions, 


CuSO4+2KI —> Cula + K2S04 
(Uns ) 
2Culg > 2Cul + Ib 
(White ppt.) 


Uses. (i) Copper sulphate is used in 
electroplating, in calico-printing, in dyeing,in 
electrotyping, in the electrolytic refining of 
copper, in the manufacture of pigments, as a 
mordant in the textile industry, in the Daniell 
ceil and to prevent the growth of weeds in 
reservoirs and swimming pools. (ii) It is used 
as a fungicide and germicide. Bordeaux 
mixtures, a well known spray for fruit trees, 
is a mixture of copper sulphate and slaked lime. 
(iii) It is a good starting material for other 
compounds of copper. (iv) Anhydrous salt is 
employed for detecting water in liquids such as 
alcohol, ether, etc., and thus, used as a 
debydrating agent. 


KEY TERMS 


7.1 Limestone. 


It is naturally occurring calcium carbonate, 


7.2 Antidote. It is a remedy for a particular poison which generally acts chemi- 
4 Sig. énuthe poison, thus neutralizing it, making it insoluble, or otherwise 


rendering it harmless. 


7.3 Antichlor. | S 
bleaching e.g. sodium thiosulphate. 


Itis a substance used to remove chlorine from materials after 
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7.4 Efflorescence. 


It isa property of some crystalline salts of losing a pag of 


water of crystallization and becoming powdry on the surface. 


7.5 Effervescence. 
reaction. 


7.6 Deliquescent. 


It is the escape of small gas bubbles as a result of chemical 


It is the property of some crystalline salt of absorbing moisture 


from the air to such an extent as to dissolve in it or becoming liquid on exposure 


to air. 
1.1 Germicide. 


7,8 Fungicide. 
and mildews is called fungicide. 


7.9 Disinfectant. 
disinfectant. 


7.10 Available chlorine. 


A substance capable of destroying bacteria is called germicide. 
A substance capable of destroying harmful fungi, such as moulds 


A substance capable of destroying disease bacteria is called 


The amount of chlorine released by a sample of bleaching 


powder on reacting with dilute acid or carbon dioxide is called available 


chlorine, 


UNIT THROUGH EXERCISES 


7-1 Point out the wrong statements of the 
following : 


(i) Quick lime has strong affinity with 
water, 


(ii) Calcium oxide is known as quicklime 
or slaked lime. 


(iii) Lime water isa clear solution of cal- 
cium hydroxide in water. 


(iv) NaCl solution is commercially known 
as brine. 


(vy) Soda ash is another name of washing 
soda. 


(vi) Solution of sodium carbonate in water 
is alkaline in nature. 


(vii) The dehydration of copper sulphate is 
a irreversible process. 


(viii) Plaster of Paris is represented by the 
formula, €aSO4.2H20. 


(ix) Sodium nitrate is used in gunpowder. 
(x) The quality of bleaching powder is 


measured in terms of available 
chlorine. 

Ans. Statements (iii), (v), (vii), (viii) and (x) 
are wrong. 


7-2 With which compounds these names 
are associated ; 


(i) Efflorescence, 


(ii) Solvay process, 
(iii) Slaking of lime, 


(iv) Gypsum, 


(vy) Dead burnt plaster, and 
(vi) Blue vitriol 
Aus, (i) Sodium carbonate, (ii) Sodium car- 


bonate, (iii) Quicklime, 
(iv) CaSO4.2H2O, (v) CaSCy, 
(vi) Cu$O4.5H20 


7-3 What happens when : 
(i) Carbon dioxide is passed for long 
through lime water. 
(ii) Carbon dioxide is passed through brine 
solution saturated with ammonia. 
(iii) Slaked lime is treated with chlorine 
gas. 
(iv) Sodium bicarbonate is strongly heated. 
(v) Quicklime is treated with water. 
(vi) Soda ash is treated with nitric acid. 
Give chemical equations only. 
Ans. (i) Ca(OH)2+CO2 + CaCO + H0 
(Insoluble) 
CaCOg+H20+CO, > Ca(HCOs)> 
(Soluble) 
(ii) NH3+H20+CO2+ NH4HCO3 
NACO tacl => NH,CIl 


(Brine) + NaHCOs 
(iii) CHOC - => CaOCl+H20 


Hea! 
(iv) 2NaHCO3 ———> NasCO3+H20 
+C02 
(v) Ca0+HeO —> Ca(OH)2+ Heat 
(vi) NaaCO3+2HNO; -> 2NaNO3 
+C0:+H20 


7-4 Differentiate between the following sets 
of pairs : 
(i) Quicklime and slaked lime 
(ii) Plaster of Paris and dead burnt plaster 
(iii) Soda ash and washing soda 
(iv) Green vitriol and blue vitriol 
(») Lime water and milk of lime 
Ans. (i) Quicklime is CaO. Quicklime, on 
absorbing water becomes slaked lime. 
(ii) Plaster of Paris is CaSO4.$H20. 
Anhydrous CaSO% is called dead burnt- 
plaster. 
(iii) Soda ash is NagCOg and washing 
soda is Na2CO3. 10H20. 
(iv) Green vitriol is FeSO4.7H20 and 
blue vitriol is CuSO4.5H20. 
(v) Lime water is a clear solution of 
slaked lime in water, whereas milk of 
lime is a suspension of slaked lime in 
water. 
Multiple Choice Questions 
7-5 Put a (v) mark against the most 
appropriate answer. 
(i) Which of the following compounds will 
not work as the oxidizing agent ? 
(a) NaNOg (b) CaOCly 
(c) Na2CO3 (d) NaOCl 
(ii) Which of the following compounds is 
acidic in nature ? 
(a) NagCO3 
(c) Ca(OH)2 


(b) CaO 
(d) CuS04.5H30. 
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(iii) Which of the following substances is 
produced when gypsum is heated at 


(a) Plaster of Paris (b) Quicklime 
(c) Slacked lime (d) Calcium carbide. 


(iv) Copper sulphate, CuSO; . 5H20 
heating at 373K gives $ AR 


(a) CuSO4.3H29 (b) CuSO4.H2O 
(c) CuSO4.4H2O0 (d) CuSO, 
(v) Sodium nitrate on heating gives : 
(a) O2 (b) NO2 
(c) NO (d) Na 
Ans. (i) c (ii) d (iii) a (iv) b (a 
7-6 Fillin the blanks 


(i) S dium nitrate occurs as... -. s.. + 
(ii) Calcium carbonate on heating gives ... 
sisouace QUG |s.7-s0te-neene 


(iii) Absorption of water by quicklime is 
called .....- -- 
(iv) Soda ash with water gives ......... and 


(v) The water molecules associated with 
copper sulphate are called ....-..--..- + 

(vi) A suspension of slaked lime in water 
is called ~... ~-e- « 


Ans. (1) Chile salt-petre (ii) CaO, CO2 
(iii) slaking of lime (iv) NaOH, CO2 
(v) water of crystallization 
(vi) milk of lime. 


7-7 Match the statements/terms in column. A with those in column B, 


Column A 

(i) Caustic lime 

(ii) Copper sulphate 
(iii) Sodium nitrate 

(iv) Gypsum 

(") Bleaching powder 
(vi) Slaked lime 
(vii) Sodium carbonate 


Columa B 

(i) Fertilizer 

(ii) Calcium oxide 
(iii) Plaster of Paris 

(iv) Fungicide 

(v) Nascent oxygen 

(vi) Water softener 
(vii) White-washing 
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REVIEW QUESTIONS 


7-1 Comment on the following : 
(i) Sodium nitrate is not used in gun- 
powder. 


(ii) Sodium carbonate solution is alkaline 
in nature. 


(iii) Potassium carbonate is not manufactur- 
ed by Solvay process. 


(iv) Quicklime is used as a dehydrating 
agent. 


(v) Plaster of Paris is widely used in 
hospitals. 


7-2 List important uses of the following 
compounds : 


Bleaching powder, copper sulphate and 
slaked lime. 


7-3 Name the basic raw materials used for 
the preparation of : 


(a) Bleaching powder 

(b) Sodium carbonate 

(c) Potassium nitrate, and 
(d) Copper sulphate 


7-4 Give a brief account of the manu- 
facturing process of the following compounds : 


(a) Bleaching powder, and (b) Soda ash 


7-5 Explain the following . 
(i) Commercial bleaching powder is sold 
on the basis of its available chlorine. 
(ii) Anhydrous copper sulphate is employed 
to detect the presence of water. 


(tii) Carbon dioxide gives white precipitate 
with lime water which dissolves when 
the gas is passed for long. 


(iv) Quicklime is used as lining in furnaces. 
furnaces. 
(v) Soda ash is different from washing 
soda. 
7-6 Give a brief account of the following : 
(a) Bleaching of cloth 


(b) Reaction of charcoal, sulphur and 
phosphorus with molten sodium nitrate 


(c) Heating of CuSO4.5H20 
(d) Solvay process 
(e) Plaster of Paris 


7-7 Starting with CaCO3 how will you 
prepare the following : 


(a) CaO, (b) Ca(OH): 
(c) Bleaching powder, and (d) CaSOg. 


UNIT 8 


Pollution and Its Effects on the Living World 


Learning Jbjectives 


At the completion of this unit, you should be able to : 


er rAway 


a new born baby is slapped on the back 

to begin the process of breathing that will last . 4 

for a lifetime. A swimmer takes a dsep breath g We i A require gooi es. Ly Paes 

ates before plunging into the water. All orar Eip ‘certein ealts used for irrigation 

inhale or exhale air. Air is very essential for = A 1 

our survival. Occasionally, people notice that pee ee Oe arte ood ap um 

there is a foul odour in the air or that soms- p3 mig 

thing is irritating their noses and throats. This 

mostly happens in large cities and around 82 POLLUTION 

A A E thousands of, PRE Sei Pollution i assur a combing ion of air, 
hopal because O il with undesiral 

poisonous gas from Union Carbide factory a ESA A wvatanice, noe 

which resulted in pollution of air. Bombay of which causes pollution is known as pollutant. 

tops in the discharge of vehicular traffic toxic Heat is not a substance but still it is consider- 

exhaust effluent into the atmosphere ae the edto be a pollutant. This is because even small 

Delhi comes second in the iist. changes in overall temperature conditions of 


factories. 
killed 


country. 


Define pollution and pollutan 


Explain air pollution, water pollution and soil pollution and their effects on our 
health and property. 


Describe the major sources of air pollution, water pollution and soil pollution. 
List the common ait pollutants in your locality. 

Suggest ways to control or minimize pollution in big cities. 

Explain that excess or careless use of fertilizers in 2 scarce of soil pollution. 
List various water borne diseases caused by water pollution. 

Take measures to avoid air pollution at your home. 


8-1 INTRODUCTION factories into the Ganges without treating such 


effluents properly. 


Water has thousands of uses : for drinking, out Earth may have disastrous effect on the 


household purposes, agriculture etc. Cetrain < k pollu 
chemicals enter the water and make it unfit for 108 serious these days in cities. It comes from 
any use. Polluted water causes the water aircrafts, road traffic, machinery, radios, record- 
borne diseas 
tery. 


quality of life. Noise pollution is also becom- 


ss like typhoid, cholera and dysen- players, TV, etc In this anit we shall discuss 


Govenimsnt of ladia is taking all air pollution, water pollution and soi 
measures to stop discharging the effluents from pollution. soil 
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8-3 AIR POLLUTION 


People living in large cities and around 
factories report about poor quality of air. 
Poor quality of air means presence of undesir- 
able chemicals and substances into the atmos- 
phere. These undesirable chemicals and 
substances are called air pollutants. Air pollu- 
tants reduce our enjoyment of life or affect 
our health and property. The quality of air 
varies from place to place and from time to 
time. Air in villages is definitely better than 
cities. People going for early morning walks 
in fields or gardens feel fresh after some time. 
But at noon or in the evening a large number 
of vehicles plying onthe roads emit lots of 
fumes and thus air is polluted. 


The concentration of gaseous. pollutants 
are often expressed as “parts per million” 
(ppm) by volume. Parts per million by volume 
Means number of molecules of pollutant 
present in one miilion molecules (1000,vv0 
Molecules) of the constituents of air. For 
example, 20 ppm value of CO signifies that 
20 molecules of COz are present in one million 
molecules of the constituents of air. 


The air pollutants usually originate from 
industries, motor vehicles and thermoelectric 
power plants. Let us now consider some major 
air pollutants. 


Fig. 8-1 Noise pollution from the aeroplane 


Carbon monoxide 


The main source of carbon monoxide is the 
incomplete combustion by motor vehicles 
of carbon compounds present in gasoline, 


2C(s) + O2(g) > 2CO(g) 


Carbon monoxide is a colourless, odourless 
and very toxic gas. It is a dangerous air 
pollutant. Carbon monoxide combines with 
haemoglobin (red pigment present in blood) 


and produces the stable compound carboxy 
haemoglobin. 


CO+Haemoglobin -> CO-Haemoglobin 
Carboxyhaemoglobin 


Haemoglobin is needed to combine with 
oxygen and supply oxygen to the cells, When 
CO combines with haemoglobin, the amount 
of haemoglobin available to combine with and 
transporting Og decreases. At high CO con- 
Centrations, oxygen starvation can occur 
because haemoglobin is not available for 


combining with Oz molecules. The result can 
be dizziness or death. 


Carbon dioxide 


Carbon dioxide isa normal constituent of 
air but excess of carbon dioxide is considered 
a pollutant. Increasing amount of COz would 
increase the temperature on the Barth. This 


Fig. 8-2 Air pollution from (a) 
(6) 


may have a serious effect on the world’s 
climate, Glaciers may start melting and there- 
by flooding the coastal plains. 


Sulphur dioxide 

Sulphur dioxide is also a dangerous gaseous 
pollutant. It is formed when sulphur in the 
organic molecules or in FeSz (iron pyrites) 
combines with oxygen to yield SO2. 


Factories with chimney giving out smoke, and 
Internal combustion engines 


S+O2 —> SO: 
(From organic 
molecules) 
FeS2 +302 > FeSO1+S0, 
Roasting of metallic sulphid i 
and PbS also produces S00, ieee 
2CuS+302 > 2Cu0+ SO 
2Pb3+302 > 2Pb0 +280, 
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Sulphur divxide that enters the atmosphere 
either combines with droplets of water to form 
sulphurous acid (H2SO3). 

H20 +S02 > H2S03 
or can undergo oxidation to SO3 which in turn 
can combine with water to yield droplets of 
sulphuric acid. 

2502+02 —> 2803 

SO3+H20 -> H2SO4 

Droplets of H2SO4 and SO; can cause nose, 

eye and lung irritation. If SO2 and very 
small HəSO4 droplets enter the lungs, they can 
cause bronchoconstriction—a decrease in the 
size of the air passages in the lungs Sulphur 
dioxide easily attacks vegetation. The green 
pigment chlorophyll is affected by SOg and 
this damage causes many leaves to lose their 
colour. Sulphuric acid droplets corrode metals 
and destroy living tissues. Vegetable fibres 
like cotton, linen, rayon and nylon are attacked 
by SO». 


Nitrogen oxides 


Among the oxides of nitrogen present in the 
atmosphere, NO and NO2 are the main air 
pollutants. Power plants and various industries 
produce nitrogen oxide and nitrogen dioxide. 
Nitrogen oxide is converted into NO% by air 
oxidation. Nitrogen dioxide is a-reddish-brown 
gas with pungent smeli. Its toxicity is higher 
than NO. Breathing of NGg causes lung 
congestion and even death. It can be detected 
at a very low concentration i.e., 0.1 ppm. 


Ozone 

In nature, ozone is found in stratosphere— 
aregion at about 24 kilometres above the 
Earth’s surface. Ozone is formed from oxygen 
in the atmosphere by the absorption of ultra- 
violet rays from the sun. 


302 = 203 

Oxygen Ozone 
ozone layer does not allow ultra-violet radia- 
tions to reach the surface of the Earth and thus 
it protects the inhabitants of the Earth from 
this high energy radiations. Ultra-violet radia- 
tions destroy the organic molecules necessary 
for life. The exhaust fumes from supersonic 
aircrafts flying at high altitutes decompose 
ozone and thus ozone layer is damaged. The 
decrease in concentration of ozone in strato- 
sphere may prove harmful for all of us. Small 
amount of ozone in the ait around us causes 
eye, nose and throat irritation. People with 


respiratory ailments are severely affected. 
Rubber is greatly attacked by ozone. It is also 
very harmful to vegetation. 


Combustion engine and air pollution 


Among moving sources, automobiles are the 
major polluter. Cars, buses and other vehicles 
emit large quantities of carbon monoxide, 
oxides of nitrogen and various hydrocarbon 
molecules into the atmosphere. In the air, 
some of the hydrocarbons and oxides of 
nitrogen are involved in photochemical reac- 
tions producing secondary pollutants which are 
also called photochemical oxidants. Photo- 
chemical oxidants are stronger oxidizing agent 
than oxygen. Ozone is are example of a photo- 
chemical oxidant. Oxidants mix with other 
pollutants to form photochemical smog (smoke 
+fog), which irritates eyes and lungs. Petrol or 
gasoline is the most common fuel used by the 
automobiles. In big cities, the major cause of 
air pollution is the incomplete combustion of 
this fuel by cars, buses, scooters, trucks, etc. in 
their engines which are also called internal com- 
bustion engines. Octanes (CgHig) are the major 
constituents of gasoline. The following reac- 
tion takes place in the internal combustion 


2CsHı8 +2502 -> 16CO2+18H2O+heat 


engine. The quality of a fuel can be im- 
proved by adding tetraethyl lead (TEL) to 
the fuel. It reduces the combustion of gasoline. 
But it has an adverse effect. During combus- 
tior oxides of lead are formed which are 
poise yous and cause air pollution 


The emission of undesirable chemicals 
from automobiles can be controlled by the use 
of an exhaust catalyst. The catalyst (platinum) 
is placed in the exhaust system ofa car. Air 
is drawn in through the carburetor. Hydro- 
carbons and CO produced during the burning 
of gasoline pass over the catalyst; reaction takes 
place with oxygen. Most of the CO and 


hydrocarbon molecules are converted into CO» 
and H20. x 


8-4 WATER POLLUTION 


Like air, man also needs water for its 


survival. Good quality of water is needed for 
drinking and innumerable other purposes. But 
the activities of human beings can adversely 
affect „the quality of water. Industrial and 
Municipal wastes are discharged into rivers 
and oceans ; agricultural wastes from animals, 
crops and fertilizers enter rivers and streams ; 


< 


and rain washes air pollutants into water. The 
materials discharged into water are referred to 
as effluents. These effluents mixed with water 
resources cause water pollution. 

There are two main sources that are causing 
water pollution seriously these days: 

l. Industrial wastes. The chemical 
industry produces thousands cf chemicals, 
including solvents, pesticides, detergents, acids, 
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bases, metals and lubricating oils These 
chemicals have many adverse effects on human 
beings, animals and plants. Some metals can 
induce a variety of defects in the living system. 
For example, blue-grey discolouration of the 
skin is due to the presence of silver. Lead and 
cadmium metals produce cardio-vascular dis- 
orders. Pollutted water is harmful for fish and 
other aquatic life. 


AVAN 
ANY 
n 


Fig. 8-3. Water pollution from industrial waste 
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2. Sewage disposal. Sewage contains 
mainly organic matters, excess phosphates, 
nitrogen compounds and suspended solids 
Organic material in the sewage is decomposed 
by various micro-organisms and for this process 
they require Og. The amount of oxygen needed 
by bacteria in order to decompose organic mate- 
rialis known as biochemical oxygen demand 
(B.O.D). _Quantitatively, the B.O.D is the 
amount of oxygen, in milligrams per litre or 
parts per million, used by micro-organisms to 
consume decomposable material in the sewage. 
A high B.O.D. indicates that water is polluted. 
At a reduced oxygen concentration, fish cannot 
survive, water becomes cloudy and gives foul 
odour. 


We have discussed above the man-made 
water pollution. Another type of water pollu- 
tion is ‘Natural water pollution? The water 
in lakes and rivers contains inert solid particles 
like soil particles, sand and insoluble minerals 
which are washed into water from mining, 
construction and other activities. These subs- 
tances are not decomposed by bacteria and 
remain suspended or sink to the bottom. Water 
also contains gases like H2S, SO2, CO2, No, Oo, 
etc, dissolved in it from the atmosphere. Other 
impurities in water are living organisms and 
their decomposition products like algae, diatom, 
bacteria, viruses, etc. which are washed into 
water from its surroundings. 


One of the most serious cause of pollution 
of seas is oil. This oil comes from large ships 
called tankers. When it escapes into the sea 
it causes seabirds to die. Italso spreads on 
beaches, and thus spoiling them for holiday 
makers, 


Prevention of water pollution 


We have limited useable water with us. We 
also know that all kinds of chemicals and 
wastes are discharged into lakes, rivers and 
oceans. If we keep polluting our water, future 
generation will have less and less useable water 
for drinking, produciag drugs and growing 
crops. In recognition to this fact it becomes 
necessary to prevent or minimize water pollu- 
tion. This can be done by: 


(1) Sewage should not be dumped into 
rivers, directly. 


(2) Industrial effluents „should not be 
allowed to mix with water without any treat- 
ment. 


(3) Use of excess fertilizers should be 
avoided because nitrate, phosphate salts 
present in fertilizers are washed into rivers and 
lakes. 


Pollutants are removed from water in 
several ways. The actual treatments depend 
upon the types of wastes present. The polluted 
water is treated first to remove most of the 
solid insoluble material by using mechanical 
and chemical means. Secondly the B.O.D. of 
wastes is lowered by allowing aerobic bacteria 
to oxidize degradable material. 


8-5 SOIL POLLUTION 


Like air and water, wealso need food for 
our survival. Increasing population of the 
world is becoming a major problem. Modern 
methods of intensive agriculture have helped 
men to meet their increasing demand of food. 
Use of good quality fertilizers and chemicals is 
very essential to make soil more and more 
fertile. It has been observed that excessive use 
of fertilizers and chemicals has made soil unfit 
for growing crops. This leads to deterioration 
in the condition of soil. This is called soil 


pollution. The main sources of soil pollution 
are; 


(1) Acid rain 
(2) Excessive use of fertilizers 
(3) Use of insecticide 


1. Acid rain. When fossil fuels are 
burned, a large amount of COs and SO% enter 
the atmosphere. The gaseous CO and SO, 
dissolve in water droplets to produce carbonic 
and sulphuric acids. Sulphuric and carbonic 
acids are removed from the atmosphere during 
rain. This is called acid rain. pH of water 
drops to 4 or 5. Acid rain can affect vegetation 
and building materials. Due to the presence 
of these acids the soil becomes toxic for plants 
growth, 


2. Excessive use of fertilizers, When 
sodium or potassium nitrate is repeatedly 
used as a fertilizer for getting better crops 
the nitrate ions are used up by the eer 
sive growing crops. The soil is ultimately 
left with Nat or K+ ions which make it alka- 
line and unfit for grow 


t ing crops. Simi i 
(NHa)eSOq is used in kore’ NH ign at 


used up by successive growing crops. The soi 
is ultimately left with SO. iene which ake 
it acidic and unfit for growing crops, 


A 


a 


3. Use of insecticides and herbicides. 
Insectizides and herbicides are poisonous 
chemicals. They are sprayed on standing crops 
to kill insects, fungi, rodents, etc. These 
chemicals may enter the living tissues of the 
growing plant and accumulate in the grains or 
fruits, When we eat such grains or fruits, 
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these chemicals would enter ın our body and 
may damage our health. 


_ Chemicals like calcium carbide are used for 
ripening of fruits like bananas and mangoes. 
Fruits and even grains may have some chemicals 
on their outer surface. So it is always advisable 
to wash fruits, vegetables, grains, etc. with water 
before eating them. 


KEY TERMS 


8-1 Pollution. The presence of matter or heat whose nature, location or quantity 
produces undesired environmental effects. 


8-2 Pollutant. It is a substance, the presence of which causes pollution. 


8-3 Air pollution, 
property. 

8-4 Water pollution, 
making it unfit for any use, 

8-5 Soil pollution, 
growing crops, 


8-6 Parts per million (ppm). 
tion where the concentrations are small, 


The presence of contaminants in the air that affect our health and 
The addition of sewage or industrial wastes to water and thus 


Excessive use of fertilizers and pesticides that makes soil unfit for 


The unit commonly used to represent pollutant concentra~ 


8-7 Smog (Smoke-fog). Air pollution particularly associated with oxidants, 
8-8 Oxidant. Any oxygen containing substance that reacts chemically in the air to produce 


new substances, 


8-9 Atmosphere. The layer of air surrounding the Earth. 
8-10 Ozone. A pungent, colourless, toxic gas. It isa major air pollutant. 


8-11 Sewage. The total of organic waste and waste water gener: 


commercial establishments. 


8-12 Waste water. Water carrying wastes from homes, busine: 


ated by residential and 


ss and industries. 


UNIT THROUGH EXERCISES 


8-1. Which of the followings cause air 
pollution, water pollution or soil pollution ? 
Insecticides 
Ozone 
Sewage 
Carbon monoxide 
Acid rain 
Industrial waste 
Chemieal fertilizers 


ZAI AAS YN = 


Sulphur dioxide 


9. Synthetic detergents 
10. Herbicides 
Ans. Air pollution : 2, 4, 8 
Water pollution : 3, 6, 7, 9 
Soil pollution : 1, 5, 7, 10 
@-2. Choose the true statements of the 
following : 


1b Carbon monoxide decreases the concen- 
tration of oxygen in blood stream, 
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Heat is not a substance but considered 
to be a pollutant. 


The quality of air does not vary from 
place to place and from time to time. 


Fertilizers are major air pollutants. 


Nitrogen dioxide is more toxic than 
nitrogen oxide. 


Breathing of NO» does not affect our 
health. 


Smail amount of ozone in the air 
causes nose, eye and throat irritation. 


Addition of tetraethyl lead improves 
the quality of fuel. 


Polluted water causes the water borne 
diseases like typhoid, chloera and 
dysentery, 


Fruits, vegetables and grains need not 
be washed before they are eaten up. 


my arue i l, 2,°5, 7, 8, 9 


Name the following : 


Something which is not a substance but 
is considered as a pollutant. 


Substances whose use causes water as 
well as soil pollution. 


The unit commonly used to represent 
pollutant concentration when the 
concentrations are small. 


The total of organic waste and waste 
water from homes and industries. 


Air pollution particularly associated 
with oxidants. 


A substance used in automobiles to 
control or minimize air pollutions, 
Chemical used for ripening of fruits 
(e.g. banana, mango). 


The compound formed from carbon 
monoxide and haemoglobin. 


A chemical used to improve the quality 
of automobiles fuel, 


Substances used to kill insect:, rodents, 
fungi, ete in agriculture 


Ans, 


1. Heat 2. Chemical fertilizers. 3. ppm. 
4. Sewage 5. Smog 6. Exhaust catalyst 
7. Caicium carbide 8. Carboxy haemo- 
globin 9. Tetraethyl lead 10. Insecti- 
cides and herbicides 


Multiple Choice Questions 


8 


choice : 
1. 


Ans. 


Put(yv) mark against the appropriate 


Which of the following is an air pollu- 
tant ? 

(i) Sewage (ii) Og 

(iii) (NH4)eSO4 (iv) Silver 


Which of the following if used j 
decreases the pH of the soil ? rye 
(i) NaCl (ii) NH4SOq 

(iii) KNO (iv) Sugar 

The pollutant that combines with 
droplets of water in the atmosphere to 


Produce sulphuric acid is 

(i) SO» (ii) NH3 

(iii) CO3 (iv) SO 

The unit to repres t c i 
r A: pr ent the concentration 
(i) g/l (ii) ppm 

(iii) mole fraction 

(iv) mole litre 
Which of the fi 


\ ollowing i 
improve the quality of gasoline e 


(i) Potassium chlorate 
(ii) Tetraethyl lead 


(iii) Manganese dioxide 
(iv) Platinum 


The chemic ipeni 
fruits (e.g banana and oap geting s 
(i) Calcium chloride 

(ii) Ammonium nitrate 

(iii) Silver Nitrate 
(iv) Calcium carbide 
1. (ii), 2. (ii), 


3. (i fi 
5. (ii). 6. (ivy re aaah 


8-5 
Ls 


Dw eno 


| 
| 
| 


Fill in the blanks. 


.. is nota substance but it is consi- 
dered as a pollutant. 


Carbon monoxide is a...... and .. ..gas 


and even than it is a pollutant. 


Excessive use of synthetic detergents is 
also a source for...... pollution. 

Vehicles plying on roads emit lots of 
resulting in air pollution. 

bas is the unit commonly used to 
represent pollutant concentration. 


Carbon monoxide combines with 
haemoglobin and produces the stable 
compound ..... 


Column A 
winuents 
Biodegradable 
B.O.D. 

Carbon monoxid 
Ozone 


Platinum 


TEL 


Haemoglobin 
Ammonuim sulphate 


Potassium nitrate 


10. 


Ans. 
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Increasing amount of COy would incre- 


ase the ..... on the Earth. + 5 


Sulphur dioxide combines with droplets 
of water in the air to form ... 


The emission of undesirable chemicals 
from automobiles can be controlled by 
the use of an ..... 


Plants clean the air by removing excess 
of......from it. 


colourless, odourless 
3. water 4. fumes 5. ppm 6. car- 
boxy haemoglobin 7. temperature 
8. sulphurous acid 9. exhaust catalyst 
10. carbon dioxide. 


1. Heat 2 


8-6 Match the terms in column A with those in column B. 


Column B 


(a) decreases pH of soil 
(b) improves the quality of fuel 


(c) exhaust catalyst 


(d) increases pH of soil 


(e) materials discharged into water 


(f) 


(g) 
(h) 


used by micro-organisum to consume 
degradable material 


oxygen starvation can occur 


anything that can be broken down by 
various micro-organisms 


(i) protects the inhabitants of the Earth 


(i) 


from high energy radiations 


oxygen-carrying red pigment in blood 
cells 


REVIEW QUESTIONS 
8-6 Indicate the major moveable source of 


What is pollution ? 


How many types of pollutions are 
there ? 


Define pollutant. 
pollutants, 


List three major air 
Explain how air pollutants affect our 
health and property. 


Why is carbon monoxide a potentially 
dangerous air pollutant ? 


air pollution. 


8-7 What is the function of an exhaust 


catalyst in a car? 


8-8 With the aid of equations, indicate 


what happens to SO» once it enters the 
atmosphere. 


8-9 List common air pollutants in your 


locality. How would you avoid air 
pollution at your home ? 


s 


Define ppm. 


Name. two major sources of water 
pollution. 

How do industrial wastes and sewage 
pollute water ? 


What is the difference between natural 
pollutants and man-made pollutants of 
water ? 


Suggest two ways to minimize water 
pollution in cities. 


8-15 Write a short note on pollution and 
internal combustion engine. 
ka 


8-16 What is a biodegradable material ? 
j 8-17 Define biochemical oxygen demand 
= 
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Why is it important to know the B.O.D 
of a water waste ? 


. Distinguish between photochemical 


smog and industrial smog. 


What is acid rain? How does it 
cause soil pollution ? 


Excessive use of fertilizers is a source of 


pollution. Comment on this state- 
ment, 


Name a chemical used for ripening of 
fruits like banana and mango. 


Why is it necessary to wash fruits, 
vegetables and graine before they are 
used ? 


Why are insecticides and herbicides 
used in agriculture? How do these 
cause soil pollution ? 


\ 


